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Preface 


Since 2000 the global farming of Macrobrachium rosen- 
bergii has expanded considerably, production of a second 
major species (M. nipponense) has soared to essentially 
equivalent levels in China, and other species of existing 
or potential commercial importance (M malcolmsonii and 
M. amazonicum) have also emerged. By 2007, total an¬ 
nual global production of all freshwater prawn species was 
nearly 460,000 t, with a value exceeding US$ 1.86 billion. 
Further expansion has undoubtedly occurred since 2007. 
These developments prompted our publishers to suggest 
the preparation of a book on this topic. The result is a 
compendium of information on every aspect of the biology 
and farming of freshwater prawns. Coverage includes biol¬ 
ogy and taxonomy; hatchery and grow-out culture systems; 
nutrition, feeds and feeding; genetics; size management; 
commercial developments around the world; post-harvest 
handling and processing; marketing; economics and busi¬ 
ness management; and sustainability. A team of 44 excep¬ 
tionally well-known and internationally-respected authors 
have contributed cutting edge chapters covering all ma¬ 
jor aspects of the areas of interest. Although the book fo¬ 
cuses on the giant river prawn Macrobrachium rosenbergii, 
significant information about other commercially signifi¬ 
cant species, including M. nipponense, M. malcolmsonii and 
M. amazonicum is included. 

In deciding the content of the book and selecting authors 
of each chapter, we decided to provide a summary not only 
of all facets of the biology and husbandry of freshwater 
prawns but also the processing and marketing of the final 
product. In fact, unusual for a scientific text, the reader will 
also benefit from the inclusion of some recipes to prepare 
freshwater prawns for consumption. 


This comprehensive review of the status of freshwa¬ 
ter prawn farming research, development and commercial 
practice, in addition to complementary biological research 
with potential commercial application, is intended to edu¬ 
cate and likewise stimulate further increases in knowledge 
and understanding. 

Readers should find our book to be a useful reference 
text and teaching aid, and those who farm, sell, market, and 
consume freshwater prawns will find that it contains infor¬ 
mative and thought-provoking material relevant to their 
businesses. Any form of aquaculture research has little or 
no value unless a marketable product can be produced, 
a requisite which is sometimes unconsciously overlooked 
by scientists. Currently, the importance of ensuring that 
aquaculture is a responsible and sustainable enterprise is 
constantly being stressed. Freshwater prawn farming is that 
type of aquaculture, with low environmental impact and 
offering substantial socio-economic opportunities. There¬ 
fore, we agreed that it is particularly important and timely 
that an up-to-date review of the principles of freshwater 
prawn farming be published. 


Michael B. New 
Marlow, Bucks, UK 
August 2009 

James H. Tidwell 
Frankfort, Kentucky, USA 
August 2009 

Methil N. Kutty 
Palakkad, Kerala, India 
August 2009 


Wagner C. Valenti 
Jaboticabal, SP, Brazil 
August 2009 

Lou R. D’Abramo 
Mississippi State, USA 
August 2009 
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History and Global Status of Freshwater 

Prawn Farming 

Michael B. New 


This opening chapter briefly describes the origins of mod¬ 
ern freshwater prawn ( Macrobrachium rosenbergii ) culture. 
It continues by recording official and unofficial produc¬ 
tion data, which emphasise the scale and importance of 
the sector in many countries at the beginning of the third 
millennium. Finally, this chapter summarises a personal 
view of the future for freshwater prawn farming. Although 
national and global production data are provided in this 
chapter, detailed current commercial practices in the vari¬ 
ous producing countries are described in Chapter 17. 

1.1 Origins of modern freshwater 
prawn culture 

Freshwater prawns have been reared in captivity, either 
through introducing wild-caught juveniles or by trapping 
them, along with other crustaceans (e.g. Penaeus spp. and 
Metapenaeus spp.) and fish, in tidal ponds and paddy fields, 
for example in the Indian sub-continent and Malaysia 
(Wickins 1976), from time immemorial. However, mod¬ 
ern aquaculture of this species has its origins in the early 
1960s. Ling & Costello (1979) and Ling (1977) recalled that 
experiments on the rearing of prawn larvae had been con¬ 
ducted by fisheries biologists all over the world but had been 
unsuccessful before then. In 1961 the first major milestone 
was achieved at the Marine Fisheries Research Institute in 
Penang, Malaysia, when the Food and Agriculture Orga¬ 
nization (FAO) expert Shao-Wen Ling (Fig. 1.1) discov¬ 
ered that freshwater prawn (M. rosenbergii ) larvae required 
brackish conditions for survival. 

Dr Ling’s poignant description of his first experiments 
(Ling 1977), which included his observations that successful 
mating (rather than the previously observed cannibalism) 
occurred when the females underwent a pre-mating moult, 
is part of the folk-lore of aquaculture. This pioneer then 
discovered, through trial and error, that the addition of 
salt or soy sauce proved a key to larval survival: freshwater 
prawn larvae need brackishwater to survive beyond 5 days. 


This had not been realised before because the mature adult 
prawns had been collected in totally freshwater, sometimes 
up to 100 miles (160 km) distant from the sea. This obser¬ 
vation quickly led to the rearing of larvae through all their 
developmental stages in 1962, as first described by Ling & 
Merican (1961), and the production of sufficient juvenile 
prawns to initiate grow-out experiments in ponds in 1963 
(Ling & Costello 1979). News of this success spread rapidly 
and generated worldwide interest in freshwater prawn cul¬ 
ture. Within 10 years, research and development projects 
had commenced in most Asian countries, as well as in 
Europe, the Americas and Africa. 

While Ling’s discoveries were fundamental, it was the 
work of another pioneer, Takuji Fujimura (Fig. 1.2) that 
made the commercial development of freshwater prawn 
culture possible. This was the second major milestone in 
the history of freshwater prawn farming. Fujimura’s re¬ 
search in Hawaii commenced in 1965, with the introduc¬ 
tion of broodstock of M. rosenbergii from Malaysia (Ling & 
Costello 1979). Lee (1979) provided a detailed account of 
the early days of prawn farming in Hawaii. Within 3 years, 
the activities of Fujimura and his team in the Anuenue 
Fisheries Research Center in Honolulu resulted in the de¬ 
velopment of mass-rearing techniques for commercial-scale 
hatchery production of prawn postlarvae (PL) (Fujimura & 
Okamoto 1972). Following the ready availability of PL 
for stocking, grow-out experiments spawned commercial 
farms in Hawaii and elsewhere throughout the 1970s. In 
Asia, both Thailand and Taiwan (Chen 1976) were initiat¬ 
ing what has since become a significant industry in both 
countries. 

Further details about the life of Shao-Wen Ling (Chew 
1990) and Takuji Fujimura (Wong & Brock 1991), who both 
died in 1990, were given in tributes published by the World 
Aquaculture Society (WAS). The WAS had granted hon¬ 
orary life membership of the Society to these two ‘fathers’ 
of freshwater prawn farming, in 1974 to Shao-Wen Ling 
and in 1979 to Takuji Fujimura. 


l 
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Fig. 1.1 Shao-Wen Ling, who first completed the life 
cycle of Macrobrachium rosenbergii (Reproduced from 
Chew 1990; copyright 1990 with permission of the World 
Aquaculture Society) 


Based on the success of the Hawaiian hatchery and grow- 
out research and commercial experiences, broodstock were 
introduced, both from Southeast Asia and from Hawaii, 
into many countries where M. rosenbergii was not indige¬ 
nous. Introductions occurred notably in North, Central 
and South America, but also in Africa, and even (for ex¬ 
perimental environmentally controlled culture in temper¬ 
ate regions) in Europe. For example, in Florida around 
1970, Paul Mulvihill and his son Michael became the first 
to raise freshwater prawns commercially in continental USA 
(Rosenberry 2007). Takuji Fujimura himself played a key 
role in many of these international developments, not only 
in arranging the supply of broodstock but also, more signifi¬ 
cantly still, by providing training in the technology his team 
had developed. This essential education was provided both 
in Hawaii and through the consultancy work conducted by 
Fujimura around the globe during the 1970s and 1980s. 

Some examples of initial introductions of M. rosenbergii 
are provided in Table 1.1. Though multiple introductions 
have occurred in some countries, usually from farm pond 
or research sources, much of the prawn culture in countries 
where M. rosenbergii is not indigenous was originally based 
on a very small initial broodstock. This made the indus¬ 
try in those countries vulnerable to genetic degradation, 
a phenomenon which has been observed in several coun¬ 
tries (Chapter 17). The huge industry in China has recog¬ 
nised this danger and regularly introduces new broodstock 
from abroad. Genetic degradation has also been observed 
in countries where this species is indigenous but brood- 



Fig. 1.2 Takuji Fujimura (second from the left), who pi¬ 
oneered the large-scale hatchery production of Macro¬ 
brachium rosenbergii. (Reproduced from Wong & Brock, 
1991; copyright 1991 with permission of the World Aqua¬ 
culture Society.) 


stock are obtained only from grow-out ponds, rather than 
the capture fisheries. 

The third important milestone in the history of freshwa¬ 
ter prawn farming occurred when the United Nations De¬ 
velopment Programme (UNDP) decided to fund an FAO- 
executed project, named ‘Expansion of Freshwater Prawn 
Farming’, in Thailand. This project built on the existing 
work of the Thai Department of Fisheries, led by Som- 
sak Singholka and his team at the Chacheongsao Fish¬ 
eries Station in Bangpakong, Chonburi. The work of the 
project was initiated by Somsak Singholka, with the help 
of Takuji Fujimura (Fujimura 1978), and a visiting FAO 
project manager, Herminio Rabanal, in 1978. Following 
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Table 1.1 Examples of introductions of giant river prawns ( M. rosenbergii ) for farming purposes. 


Country where 
introduced 

Date 

Source 

Reference 

Argentina 

1986 

Brazil 

Weidner et al. (1992b) 

Australia 3 

? 

Malaysia 

Ling & Costello (1979) 

Bangladesh 3 

early 1990s 

Thailand 

This book (Chapter 17) 

Brazil 

early 1970s 

Unknown 

This book (Chapter 17) 


1977 

Hawaii 

Cavalcanti (1998) 

China 

1976 

Thailand 

Yixiong & Suzhi (1995) 


1980 

Thailand 

Chen (2008) 


2001 

Thailand 

This book (Chapter 17) 


2002 

Burma 

Chen (2008) 

Colombia 

? 

Hawaii 

Ling & Costello (1979) 

Costa Rica 

1979 

Hawaii and Florida 

This book (Chapter 17) 

Dominica 

1984 

Guadeloupe and French Guiana 

Weidner et al. (1992a) 

Egypt 

1987 & 1988 

Malaysia 8t Thailand 

This book (Chapter 17) 

Fiji 

~1980 

Hawaii 

This book (Chapter 17) 

French Guiana 

1979 

Martinique 

Lacroix et al. (1994) 

Guatemala 

1980 

El Salvador 

This book (Chapter 17) 

Honduras 

? 

Hawaii 

Ling & Costello (1979) 

Iran 

1991 

Bangladesh 

A. Matinfar (pers. comm. 2008) 


1993 & 1994 

Malaysia 

A. Matinfar (pers. comm. 2008) 


2005 

India 

A. Matinfar (pers. comm. 2008) 

Israel 

? 

Thailand 

Ling 8t Costello (1979) 

Italy 

1984 

USA 

Wildman et al. (1992) 

Jamaica 

? 

Hawaii 

Ling & Costello (1979) 

Japan 

1967? 

Malaysia 

Ling & Costello (1979) 

Martinique 

1977 

Mauritius 

Lacroix et al. (1994) 

Mauritius 

1972 

Hawaii 

Cox(1973) 

Mexico 

? 

Hawaii 

Ling & Costello (1979) 


1970s 

Ecuador 

This book (Chapter 17) 

Nepal 

1986 & 1999 

India 

This book (Chapter 17) 

New Zealand 

1987 

Malaysia 

This book (Chapter 17) 

Panama 

1969 

Hawaii 

This book (Chapter 17) 


1982 

Taiwan 

This book (Chapter 17) 

Paraguay 

1988 & 2004 

Brazil 

U. Wijkstrom (pers. comm. 1992); 
W.C. Valenti, pers. comm. 2008) 

Philippines 3 

? 

Thailand 

This book (Chapter 17) 

Puerto Rico 

1975 

Hawaii 

Lacroix et al. (1994) 

Senegal 

? 

Martinique 

This book (Chapter 17) 

Singapore 

? 

Malaysia 

Ling & Costello (1979) 

Suriname 

1985 

French Guiana 

R.H. Power (pers. comm. 1985) 

Taiwan 

1970 

Thailand 

Hsieh et al. (1989) 

United Kingdom 

1966 

Malaysia 

Goodwin & Hanson (1975) 

Uruguay 

1984 

Panama 

Weidner et al. (1992b) 

USA (Hawaii) 

1965 

Malaysia 

Fujimura (1966) 

USA (other States) 

1960s 

Hawaii 

Ling 8t Costello (1979) 


3 The species is also indigenous in these countries. 


the recruitment of Michael New by the FAO in 1979, he and 
Somsak Singholka managed this project jointly until 1981, 
after which the Thai government continued this initiative 
alone. Here, as in Hawaii, the major stimulus for the de¬ 
velopment of prawn farming was the provision not only of 
technical advice but also of free PL for stocking the initial 
commercial grow-out operations on each farm. Freshwa¬ 
ter prawns were soon being distributed all over Thailand. 


Farmed freshwater prawn production expanded from less 
than 5t in 1976 to an estimated 4001 in 1981 (Boonyarat- 
palin & Vorasayan 1983). By 1984, annual Thai production 
had exceeded 31001 (FAO 2008), a truly explosive expansion 
that was aided by the development of ‘backyard’ hatcheries 
(Kongkeo, New & Sukumasavin 2008). 

This alone was a significant development within 
Thai aquaculture. However, this project also generated 
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information for a technical manual (New & Singholka 1982, 
1985), which the FAO published in English, French and 
Spanish and which was translated by others into Vietnamese 
and Farsi. In addition, several workshops, conferences and 
reviews made important contributions to the early devel¬ 
opment of freshwater prawn farming. A leaflet on this topic 
was published in England (Forster & Wickins 1972) and this 
subject, combined with marine shrimp biology and culture, 
was reviewed by Wickins (1976). Workshops on freshwa¬ 
ter prawn farming in the western hemisphere were held in 
1974 and 1976. A summary of the proceedings of the 1974 
meeting was published (Goodwin & Hanson 1975) and the 
proceedings of the second workshop in the USA formed 
part of a book by Hanson & Goodwin (1977), which in¬ 
cluded one of the earliest bibliographies on the biology 
and culture of Macrobrachium spp. (Trimble & Sandifer 
1977). An international conference on this topic was held 
in Vietnam in 1975, in which Takuji Fujimura also had a 
hand. 

However, ‘Giant Prawn 1980’ was probably more influ¬ 
ential in stimulating further global research and develop¬ 
ment, commercial farming, and personal contacts in this 
field than any other conference. With the aid of the FAO 
project on the expansion of freshwater prawn farming, the 
Thai Department of Fisheries hosted this meeting, the first 
international aquaculture conference ever held in Thailand 
(New 1982). One hundred and fifty-nine participants at¬ 
tended from thirty-three countries, and a further two hun¬ 
dred local farmers participated in a special session in the 
Thai language. One of the two original Macrobrachium pio¬ 
neers, Takuji Fujimura, by then working in Hong Kong, was 
an active chairman of the discussions on practical prawn 
farming. The other, Shao-Wen Ling, though unable to at¬ 
tend personally, sent a welcoming address. 

‘Giant Prawn 1980’ was convened by the author of this 
chapter, and was attended by several of its other chapter au¬ 
thors, namely Sterling (Ken) Johnson (Chapter 14), Spencer 
Malecha (Chapter 15), and Patrick Sorgeloos (Chapter 6), 
and others who have contributed information for this book, 
especially Chapter 17. Participants in ‘Giant Prawn 1980’ 
also included others who led freshwater prawn farming 
developments, including Bill Fitzgerald (Guam), I-Chiu 
Liao and Nai-Hsien Chao Liao (Taiwan), Lee Chan Lui 
(Malaysia), the late Rogene Thompson and Jean-Marie 
Huron (Mauritius), Paul Sandifer (USA), and many col¬ 
leagues from Thailand. Many years later, a participant from 
Myanmar, Nyan Taw, stated that ‘commercial farming of 
freshwater prawns actually started to take off in 1980 after 
the first international aquaculture conference “Giant Prawn 
1980’” (Taw 1997). Unfortunately, the proceedings of this 
meeting (New 1982) are now out of print. However, a new 
conference is being planned - ‘Giant Prawn 2011’, which 


may be held in Qingdao, China, in conjunction with World 
Aquaculture 2011; this will provide an opportunity to re¬ 
view progress in the intervening three decades and to report 
current research and commercial activities. 

Since ‘Giant Prawn 1980’, in addition to the FAO manual 
already mentioned, which was completely rewritten with 
updated information in 2002 (New 2002) and has been 
issued in Chinese and Arabic, with other languages pro¬ 
grammed, many other manuals were published (Valenti 
1985; Cavalcanti etal. 1986; Hollshmit 1988; Gray 1990a,b; 
Griessinger et al. 1991; Chowdhury et al. 1993; Sebastian 
et al 1993). Freshwater prawn farming has also been re¬ 
viewed in a number of other publications (New 1990,1995, 
1998, 2005, 2007; Valenti 1990, 1998; Brown 1991; Lee & 
Wickins 1992; McVey 1993; Wickins & Lee 2002; New etal. 
2008) and further conferences specifically devoted to this 
topic have been held, for example in India (Silas 1992; 
Thakur et al. 1994; Nair et al. 2005, 2007) and in Brazil 
in 1995 (see the Preface to this book). In addition to the 
people mentioned above, and the teams that worked with 
them, many other people were early pioneers in the intro¬ 
duction of commercial freshwater prawn (M. rosenbergii ) 
culture around the tropical world, including Keramat 
Ali (Bangladesh), J.D. Ardill (Mauritius), Lourinaldo 
Cavalcanti (Brazil), Dan Cohen and Adrian Barnes (Israel), 
Michael Fujimoto and Dale Sarver (Hawaii), Roy Jenson 
(Martinique), Somphong Suwannatous and Piamsak 
Menasveta (Thailand), and Nyan Taw (Myanmar), as well 
as others whose names will be found in the reference lists 
of this book. 

In the western hemisphere, a number of activities that 
aimed at exploring the possibility of intensive freshwa¬ 
ter prawn farming in temperate areas, including Europe 
and the USA, were begun in the 1960s. M. rosenbergii was 
introduced into England in 1966 by the economist Keir 
Campbell, with whom the author of this chapter worked 
from 1969 to 1971, when Ranks Hovis McDougall (a flour, 
bakery and animal feedstuff manufacturer) was exploring 
the potential of its culture under environmentally con¬ 
trolled conditions. These studies proceeded in parallel with 
the research of John Forster, Terry Beard and John Wickins 
in the Ministry of Agriculture, Fisheries and Food labora¬ 
tory in Wales (Goodwin &. Hanson 1975). In 1972 Michael 
New initiated similar work for a pharmaceutical company, 
Syntex, in California and in Mexico, where Mike Choud- 
hury (later FAO aquaculture specialist in Bangkok) was also 
involved. The author’s Syntex team continued these studies 
under the leadership of Ed McSweeny. However, while envi¬ 
ronmentally controlled culture proved technically feasible, 
the cost of heat made it economically inadvisable and atten¬ 
tion mainly reverted to semi-intensive farming in tropical 
areas. One exception has been the interest in the culture 
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of freshwater prawns using thermal waters, which was ex¬ 
hibited in a number of countries, including Italy and the 
USA. New Zealand is the only country where this activity 
has become commercial but others are expected to follow 
(Chapter 17). 

Another exception has been the development of M. rosen- 
bergii farming in temperate areas where summer temper¬ 
atures in open ponds are sufficiently high. Following the 
early work of Paul Sandifer and his team in South Carolina, 
this has shown considerable commercial potential in the 
USA (Chapter 10). Much of the substantial production of 
freshwater prawns from aquaculture in China comes from 
areas where the grow-out of M. rosenbergii is only feasible 
in summer months, or from the culture of M. nipponense , 
which is more tolerant of lower temperatures (Chapter 21). 
There is also a limited grow-out season in some regions of 
other producing countries, for example in the South and 
part of the Southeast of Brazil. 

Despite these research and commercial initiatives, a con¬ 
siderable proportion of global freshwater prawn farmed 
output still originates from areas where year-round grow- 
out is feasible, such as the Indian sub-continent. Southeast 
Asia and the tropical areas of Latin America. The expansion 
of commercial freshwater prawn farming (see section 1.2) 
has been aided by many individual research workers and 
developmental projects. Their achievements are numerous 
and have included the development of practical recircu¬ 
lation systems for hatcheries, improved understanding of 
the management of the heterogeneous prawn populations 
in grow-out ponds, and a recognition of the special re¬ 
quirements of freshwater prawns during harvesting and 
processing to ensure that only high-quality products reach 
the market. The other chapters of this book are devoted to 
recording these and many other developments in this field 
that have occurred. 


1.2 Global production status 

The first recognised output of farmed giant river prawn 
(M. rosenbergii) production recorded in FAO statistics ap¬ 
peared in 1970 (FAO 2008), showing a production of 101 by 
Mexico and less than 0.51 by Mauritius. By 1979 annual 
global production had risen above 11001; farming statis¬ 
tics were being reported to FAO by Brazil, Ecuador, French 
Polynesia, Guam, Honduras, Malaysia, Mauritius, Mexico, 
Myanmar, Thailand and the USA. By 1990, annual global 
production had risen above 20 0001 and many new coun¬ 
tries were recording production. However, production then 
appeared to plateau, averaging 21 700 t/yr in the years 1991— 
1995 inclusive, with a low of 17 2001 in 1993 and a high of 
26 600 tin 1991. 

The high global figure in 1991 corresponded with the 
peak output from Taiwan (16 2001, nearly 61% of the global 
total). From 1992 to 2006 Taiwanese production was sub¬ 
stantially lower (Chapter 17), falling to a low of less than 
55001 in 1993; however, since then there has been some re¬ 
covery and, by 2003-2006, output seemed to have stabilised 
at around 10 000 t/yr. 

A major expansion in the global output of farmed 
freshwater prawns first became obvious in the mid-1990s 
when China began to submit separate statistical returns 
for farmed M. rosenbergii (FAO 2008), showing that Chi¬ 
nese production had already exceeded 37 0001 by 1996. In 
the following decade, Chinese production of M. rosenbergii 
continued to increase, rapidly rising from about 55 5001 in 
1997 to 111 3001 by 2001. Then production fell to 75 4001 
in 2003 but has since risen substantially (Table 1.2). By 2007 
China reported production to be over 124 5001 (FAO 2009) 
and some consequential adjustments to the estimated data 
for 1997-2006 have been made by the FAO (S. Montanaro 
and Xiaowei Zhou, pers. comm. 2009). In addition, China 


Table 1.2 Production (t) of farmed giant river prawns (M. rosenbergii) 1998-2007 (FAO 2009). 



1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

Bangladesh 

5751 

5394 

5504 

9471 

9559 

10 200 

17123 

19 609 

20810 

23 240 

Brazil 

279 

227 

450 

450 

450 

450 

363 

370 

373 

230 

China 

55 502 

69 565 

84 891 

111282 

98 383 

75 376 

84 965 

85 541 

93 695 

124520 

India 

3900 

7000 

16 600 

24 230 

30 500 

35 870 

38 720 

42 820 

30115 

27 262 

Indonesia 


- 

- 

- 

400 

246 

290 

1009 

1199 

989 

Malaysia 

281 

653 

1338 

752 

535 

627 

317 

514 

194 

246 

Taiwan 

8165 

7223 

8149 

6859 

7026 

10 045 

10 039 

10515 

9878 

8316 

Thailand 

4764 

8494 

9917 

13310 

15 393 

28 151 

32 583 

28 740 

25 353 

27 650 

USA 


- 

- 

44 

54 

49 

38 

218 

218 

200 

Vietnam 2 

2918 

2544 

3513 

4933 

5552 

5961 

6247 

5200 

5482 

7900 

Others 

498 

409 

327 

286 

284 

384 

370 

626 

584 

621 

Totals 

82 058 

101509 

130 689 

171617 

168 136 

167 359 

191 055 

195 162 

187 901 

221 174 


a Reported under the statistical category ‘freshwater crustaceans nei’. 
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Table 1.3 Farmed production (t) of other species of freshwater prawns 1998-2007 (FAO 2009). 



1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

Armenia (freshwater 
crustaceans nei) 






20 

3 

3 

3 

4 

China (M. nipponense) 



87139 

86 710 

86 496 

169131 

183961 

177312 

180 471 

192397 

China (freshwater prawns, 
shrimps nei) 






51212 

24 538 

46316 

20191 

40 859 

Guatemala (freshwater 
prawns, shrimps nei) 

2 

3 

3 

3 

3 

3 





Guatemala (freshwater 
crustaceans nei) 


2 









India (M. malcolmsonii) 






227 

245 

3938 

4039 

4100 

Japan (freshwater prawns, 
shrimps nei) 

14 

11 

12 

12 







Mexico (river prawns nei) 








28 

29 

30 

Russian Federation 
(freshwater crustaceans nei) 

15 

25 

12 

14 

9 

10 

18 

5 

5 


Totals 

31 

41 

87166 

86 739 

86 508 

220 603 

208 765 

227 602 

204 738 

237 390 


produces large quantities of an indigenous species, the ori¬ 
ental river prawn (M. nipponense ); expansion was similarly 
meteoric, more than doubling from the 87 1001 reported 
for 2000 to 192 4001 in 2007 (Table 1.3). By 2007, the value 
of freshwater prawn farming to Chinese aquaculture had 
exceeded US$ 1.15 billion/yr; farmed output of M. nippo¬ 
nense was valued at over US$ 698 million and farmed M. 
rosenbergii production at more than US$ 452 million (FAO 
2009). 

Though starting from a smaller baseline (1501 in 1989), 
expansion in India was even more explosive than in China, 
rising to a peak of 42 8001 in 2005. However, Indian fresh¬ 
water prawn farming suffered severe difficulties in 2005- 
2007 (Chapter 17), leading to a reduced production of 
27 3001 in 2007 (Table 1.2). Farmed output of its other 
large indigenous Macrobrachium species, the monsoon river 
prawn ( Macrobrachium malcolmsonii) has also been re¬ 
ported by India since 2003; production was reported to 
be 41001 in 2007 (Table 1.3). Despite the fall in giant 
river prawn production, the total value of Indian fresh¬ 
water prawn farming in 2007 was nearly US$ 118 million. 
Expansion has also been considerable in Bangladesh (al¬ 
though the huge output reported to FAO in the late 1990s 
has been corrected). Annual output had reached 23 2001 
in Bangladesh by 2007. The other major producing coun¬ 
tries of M. rosenbergii are Thailand, Taiwan and Vietnam. In 
Thailand, production was 27 7001 in 2007, worth approach¬ 
ing US$ 108 million. Taiwanese production has fallen from 
over lOOOOt/yr in 2003-2005 to 83001 in 2007; however, 
its value was remarkably high, at over US$ 95 million (FAO 
2009). This is equivalent to a 2007 farm-gate price for 


M. rosenbergii ofUSS 11.45/kg, comparable to its unit value 
in the USA (US$ 12.00/kg). In contrast, the farm-gate value 
of this species is only US$ 3.88/kg in India and Thailand 
and US$ 3.63 in mainland China, providing significant ex¬ 
port opportunities. The farm-gate value of M. rosenbergii in 
Bangladesh is intermediary, at US$ 7.26/kg; this country has 
an established export market for this species. The output of 
Vietnam is more difficult to discern, as discussed below. 

The production of farmed freshwater prawns is not al¬ 
ways reported to FAO under the species name; instead, it 
is included in various general categories (Table 1.3). These 
categories include two significant items. One is the large 
production returned by China under the category ‘freshwa¬ 
ter prawns, shrimps, nei (Palaemonidae)’. It is not known 
for sure what species are included in this statistical return. 
M. rosenbergii and M. nipponense are not involved, their 
output being returned by China under the relevant species 
categories; it is possible that this category of production 
includes ‘guesstimates’ from systems that produce mixed 
crops (e.g. Macrobrachium lanchesterii and other Macro¬ 
brachium species from ponds and rice fields). The other 
important phenomenon is the inclusion of M. rosenbergii 
within the category ‘freshwater crustaceans nei (Crustacea)’ 
by Vietnam. Assuming that all of the output reported to 
FAO under ‘freshwater crustaceans nei’ consists of giant 
river prawns (and this may be an under-estimate - see 
Chapter 17), Vietnamese output in 2007 was 79001, worth 
over US$ 55 million. 

Indonesia has recently become a significant producer, 
though at a lower scale than the major producers; its 
production averaged nearly 11001 between 2005 and 2007 
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Fig. 1.3 Production (t) of farmed gi¬ 
ant river prawns (Macrobrachium rosen- 
bergil) in the major producing countries 
(FAO 2009) 


and considerable further expansion is feasible. Many other 
countries are reporting farmed production of M. rosenbergii 
to FAO but, apart from the major producers (Fig. 1.3), only 
Brazil, Iran, the USA, Malaysia and the Dominican Repub¬ 
lic appeared to have an annual output that exceeded 1001 
in 2007 and there are doubts about the accuracy of the data 
for the USA, Iran and the Dominican Republic, as discussed 
in Chapter 17. To date (2009) there has been relatively little 
production of farmed freshwater prawns of any species out¬ 
side Asia, despite the many introductions of M. rosenbergii 
globally and a considerable level of activities in a wide range 
of countries. However, there remains significant potential 
for expansion. 

The global production of M. rosenbergii in 2007 was over 
221 0001 (Table 1.2), 2.7 times greater than a decade ear¬ 
lier. In addition, the production of other farmed freshwater 
prawns, mainly M. nipponense in China, exceeded 237 0001 
in 2007 (Table 1.3); almost none was reported a decade 
earlier. The global expansion of this sector has therefore 
been dramatic but, as noted earlier, it has primarily been 
in south, southeast and east Asia. Asian production of all 
freshwater prawn groups was over 99% of the global total, 
which was nearly 459 0001 in 2007 (Table 1.4). Considering 
giant river prawns (M. rosenbergii) alone, the major produc¬ 
ers in 2007 were China (56.3%), Thailand (12.5%), India 
(12.3%), Taiwan (4.5%) and Vietnam (3.6%). However, ac¬ 
cording to the information gleaned during the preparation 
of Chapter 17, Myanmar (though not yet reporting this to 
FAO) had an output of approximately 3000 t/yr in 2006 and 
2007; if confirmed, this would locate Myanmar firmly as a 
substantial producer. 


In summary, it is clear that freshwater prawn farming 
has become a major and expanding contributor to global 
aquaculture, both in terms of quantity (Fig. 1.4) and value 
(Table 1.5). Although there are some uncertainties about 
the production of China, as noted above, it seems clear that 
the annual global production of all species of freshwater 
prawns is now in the order of 460 0001, with a total value 
of US$ 1.86 billion. 


Table 1.4 Total production of all species of freshwater 
prawns in 2007 (t) (FAO 2009). 


Bangladesh 

23 240 

Brazil (M. rosenbergii) 

230 

China (M. rosenbergii) 

124 520 

China (M. nipponense) 

192 397 

China (freshwater prawns, shrimps, 
nei - Palaemonidae) 

40 859 

India (M. rosenbergii) 

27 262 

India (M. malcolmsonii) 

4100 

Indonesia (M. rosenbergii) 

989 

Iran (M. rosenbergii) 

258 

Malaysia (M. rosenbergii) 

246 

Taiwan (M. rosenbergii) 

8316 

Thailand (M. rosenbergii) 

27 650 

USA (M rosenbergii) 

200 

Vietnam (freshwater crustaceans nei) 

7900 

Rest of the World (various species groups) 

397 

Global total 

458 564 
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Fig. 1.4 Expansion of production of all groups of farmed 
freshwater prawns 1998-2007 (FAO 2009). 


1.3 Summary of opportunities and 
constraints 

1.3.1 Opportunities 

A number of factors favour the development of freshwater 

prawn farming: 

• In contrast to most forms of marine shrimp culture, fresh¬ 
water prawn farming does not require coastal sites, either 
for hatcheries or grow-out. Coastal hatcheries still exist 
but are not mandatory. Most hatcheries are now inland, 
using trucked seawater or brine, or artificial seawater, and 
often minimising their use by recirculation systems. 

• With currently available technology, freshwater prawns 
cannot be reared in grow-out systems as intensively as 
marine shrimp. While this has often been regarded as a 
constraint by investors in the past, it may bean advantage 
for reasons of sustainability (Chapter 24). 

• There is no shortage of egg-carrying females for 
hatcheries and, if the development of a captive brood- 
stock is shown to be advisable for stock improvement, 
mating and spawning can easily be achieved in captivity. 

• Freshwater prawn farming is suitable for both large-scale 
and small-scale commercial rearing units. In addition, 
it is suitable for very small artisanal production units, 
which are often a target of government policies designed 
to favour riverine and other communities in poor regions. 


• Freshwater prawns are suitable candidates for inclusion 
in polyculture systems, and in integrated aquaculture- 
agriculture. There is potential for freshwater prawns to 
occupy the bottom of countless hectares of tropical and 
sub-tropical fish ponds around the world, providing an 
opportunity for fish farmers to increase production and 
profit with little extra investment and at no cost to the 
environment. 

• Export opportunities for freshwater prawns exist. Peeled, 
mostly wild-caught, M. rosenhergii have long been ex¬ 
ported globally but, unlike 30 years ago, shell-on (and 
often head-on) freshwater prawns are now a familiar 
sight in the supermarkets of Europe. To a lesser extent, 
this also occurs in the USA (mainly for consumption by 
Asians or in restaurants serving Asian food) and Japan. 
Bangladesh, India and Vietnam already export a signifi¬ 
cant proportion of their wild-caught and farmed prawns. 
Potential for expansion exists but producers will need to 
co-operate in collective marketing to exploit these oppor¬ 
tunities. Freshwater prawns are a product that is distinct 
from marine shrimp, with its own favourable culinary 
characteristics (Chapter 19). The unique characteristics 
of the product require further image development. 

1.3.2 Constraints 

Some real or perceived factors inhibit the development of 

freshwater prawn farming: 

• The time that freshwater prawns (M. rosenhergii) spend 
in the hatchery phase is about twice as long as for marine 
shrimp. Flowever, the larval cycle of other species (e.g. 
M. nipponense and M. amazonicum , which are discussed 
in Chapters 21 and 22) is shorter. 

• As noted above, freshwater prawns cannot be reared in 
grow-out systems as intensively as marine shrimp. This 
has often been regarded as a constraint by investors in the 
past but it may be an advantage for reasons of sustain¬ 
ability (Chapter 24). 

• In the past, freshwater prawn culture was seen as suitable 
mainly as a source of products for domestic consumption 
in countries where it had market familiarity. This con¬ 
trast to marine shrimp farming, which supplies a well- 
structured global market, mainly in ‘developed’ coun¬ 
tries, has deterred some investors who seek to maximise 


Table 1.5 Total volume and value of all farmed freshwater prawn groups 1998-2007 (derived from FAO 2009). 



1998 

1999 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

Quantity (t) 

82 089 

101550 

217855 

258 356 

254 644 

387 962 

399 820 

422 764 

392 639 

458 564 

Value (US$ ’000) 

364 088 

407 728 

701978 

82 977 

838 071 

1 228 547 

1540 406 

1 673 748 

1584 850 

1 857 825 
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foreign exchange earnings. However, as noted above, this 
constraint is not as great as often imagined. 

• Freshwater prawns require more care in processing than 
marine shrimp. This is only a constraint when this fact is 
not recognised by producers and processors, and poor- 
quality products are allowed to enter the marketplace. 
Simple precautions can ensure that premium-quality 
freshwater prawns are offered for consumption (Chapters 
18 and 19). 

• Some countries that are ideal for production but whose 
farming costs are high suffer from competition from 
‘cheap’ imported freshwater prawns. Though this is a 
constraint for individual producers, the quality of locally 
produced prawns achieves a premium price. Globally, 
this phenomenon is not seen as important. Like any other 
commodity, prawn farming is subject to economic and 
market pressures. 

1.3.3 Prognosis 

Bearing both positive and negative factors in mind, it is 
believed that freshwater prawn farming has a bright future 
but the level of global production is unlikely ever to rise so 
high as that from marine shrimp farming. Further research 
(as indicated in other chapters of this book), and the more 
effective transfer of improved rearing and processing tech¬ 
nology, is needed in order to exploit the opportunities for 
expansion in this sector of the aquaculture industry. 

New & Csavas (1993) predicted that Asian freshwater 
prawn production would rise to nearly 68 0001 by the 
year 2000. New (1995) anticipated that the earlier fore¬ 
cast for Asia might be rather conservative and believed 
that a global production exceeding 70 0001 by the year 
2000 was feasible if those countries with suitable sites 
and environment, and relatively cheap labour, could take 
advantage of the domestic and export market potential. 
In retrospect, both forecasts proved to be extremely con¬ 
servative. Expansion was expected mainly in Bangladesh 
and India but the development (and rapid expansion) of 
M. rosenbergii and M. nipponense farming in China was 
not anticipated. Expansion indeed occurred in Bangladesh 
but has been exceeded in India; production from China 
is currently dominant (Tables 1.2 and 1.3). The output 
from Chinese farming is consumed entirely domestically. 
Bangladesh and India, as well as Thailand and Vietnam, 
may be better placed than China to develop their export 
trade in farmed M. rosenbergii. 

The net result of recent developments in global fresh¬ 
water prawn culture is that the highest production fore¬ 
casts for the year 2000 by New (1995) and New & Csavas 
(1993), which only concerned M. rosenbergii , had already 
been reached by the year 1997 (FAO 2008). By 2007 global 
farmed output of giant river prawns was more than three 


times greater still (FAO 2009). In addition, the produc¬ 
tion of other Macrobrachium species, primarily the ori¬ 
ental river prawn M. nipponense, exceeded the level for 
M. rosenbergii. 

The potential for the expansion of freshwater prawn 
farming in other regions, notably in South and Central 
American countries but also in Africa, while substantial 
and technically feasible, remains an opportunity yet to be 
seized. It is hoped that investors and exporters in these 
regions will exploit this opportunity as we move into the 
third millennium, particularly as the further expansion of 
marine shrimp farming has many social and environmental 
constraints. 


1.4 References 

Boonyaratpalin, M. & Vorasayan, P. (1983) Brief note on the state 
of the art of Macrobrachium culture in Thailand. NACA Working 
Paper WP/83/7. Network of Aquaculture Centres in Asia-Pacific 
(NACA), Bangkok. 

Brown, J.H. (1991) Freshwater prawns. In Production of Aquatic 
Animals, World Animal Science, C4, (Ed. by C.E. Nash), pp. 31- 
43. Elsevier Scientific Publishing, Amsterdam. 

Cavalcanti, L.B. (1998) Historico. In Carcinicultura deAgua Doce: 
Tecnologia para a Produ$ao de Camaroes, (Ed. by W.C. Valenti), 
pp. 17-20. Funda^ao de Amparo a Pesquisa do Estado de Sao 
Paulo (FAPESP), Sao Paulo & Instituto Brasileiro do Meio Am- 
biente e dos Recursos Naturais Renovaveis (IBAMA), Brasilia. 

Cavalcanti, L.B., Correia, E.S. & Cordeiro, E.A. (1986) Camarao: 
Manual de Cultivo do Macrobrachium rosenbergii. Aquacon- 
sult, Recife. 

Chen, Q.C. (2008) The culture of the giant Malaysian prawn 
Macrobrachium rosenbergii in China. In Proceedings of Giant 
Malaysian Prawn 2008, 28-29 March 2008, Kuala Lumpur, 
Malaysia. Malaysian Fisheries Society, Serdang, Selangor. 

Chen, T.P. (1976) Aquaculture Practices in Taiwan. Fishing News 
Books, Blackwell Science, Oxford. 

Chew, K. (1990) Shao-Wen Ling 1907-1990. World Aquaculture 
21(4):31. 

Chowdhury, R., Bhattacharjee, H. & Angel, C. (1993) A Manual for 
Operating a Small-scale Recirculation Freshwater Prawn Hatchery. 
Bay of Bengal Programme, Madras. 

Cox, K.W. (1973) Mauritius. Aquaculture - oyster and prawn cul¬ 
ture.FAO Report DP/MAR/72/004/1. FAO, Rome. 

FAO (2008) Fishstat Plus (v. 2.32) issued 11.03.2008. FAO, Rome. 

FAO (2009) Fishstat Plus (v. 2.32) issued 02.03.2009. FAO, Rome. 

Forster, J.R.M. & Wickins, J. (1972) Prawn Culture in the United 
Kingdom. Laboratory Leaflet (New Series) 27. Directorate of Fish¬ 
eries Research (Great Britain). 

Fujimura, T. (1966) Notes on the development of a practi¬ 
cal mass culturing technique of the giant prawn, Macro¬ 
brachium rosenbergii. Indo-Pacific Fisheries Council Working Pa¬ 
per IPFC/C66/WP47. FAO, Bangkok. 

Fujimura, T. (1978) Plan for the development of prawn farming 
in Thailand and recommendations to increase production of 



10 


Freshwater Prawns 


juveniles for distribution to farmers and for stocking natural 
areas. Report No. THA:75:008/78/WP/2. FAO, Rome. 

Fujimura, T. 8c Okamoto, H. (1972) Notes on progress made in de¬ 
veloping a mass culturing technique for Macrobrachium rosen- 
bergii in Hawaii. In Coastal Aquaculture in the Indo-Pacific Re¬ 
gion, (Ed. by T.V.R. Pillay), pp. 313-27. Fishing News Books, 
Blackwell Science, Oxford. 

Goodwin, H.L. 8c Hanson, J.A. (1975) The Aquaculture of Fresh¬ 
water Prawns (Macrobrachium species). The Oceanic Institute, 
Waimanalo, Hawaii. 

Gray, C.W. (1990a) A Guide to Shrimp and Prawn Culture in 
Bangladesh. Bangladesh Aquaculture 8c Fisheries Resource Unit 
(Overseas Development Administration) (BAFRU), Institute of 
Aquaculture, Stirling. 

Gray, C.W. (1990b) A Guide to Shrimp and Prawn Hatchery Tech¬ 
niques in Bangladesh. Bangladesh Aquaculture 8c Fisheries Re¬ 
source Unit (Overseas Development Administration) (BAFRU), 
Institute of Aquaculture, Stirling. 

Griessinger, J.M., Lacroix, D. 8c Gondouin, P. (1991) L’elevage de 
la crevette tropicale d’eau douce: manuel scientifique et technique. 
Institut Fran^ais de Recherche pour l’Exploitation de la Mer 
(IFREMER). Plouzane. 

Hanson, J.A. 8c Goodwin, H.L. (Eds) (1977) Shrimp and Prawn 
Farming in the Western Hemisphere. Dowden, Hutchinson 8c 
Ross, Stroudsburg, PA. 

Hollshmit, M.K. (1988) Manual tecnicopara el cultivoy engorda del 
langostino malayo. Instituto Tecnologico de Estudios Superiores, 
Monterrey, Mexico. 

Hsieh, C.H., Chao, N.H., Gomes, L.A.O. 8c Liao, I.C. (1989) Cul¬ 
ture practices and status of the giant freshwater prawn, Mac¬ 
robrachium rosenbergii, in Taiwan. In Anais do III Simposio 
Brasileiro sobre Cultivo de Camarao, 15-20 outubro 1989, Joao 
Pessoa, Vol. 2: Camarao de Agua Doce e Outros, (Ed. by M.M.R. 
Martins, E.S. Correia 8c J.M. Cavalheiro), pp. 85-109. MCR 
Aquacultura, Joao Pessoa. 

Kongkeo, H., New, M.B. 8c Sukumasavin, N. (2008) The successful 
development of backyard hatcheries for crustaceans in Thailand. 
Aquaculture Asia Magazine XIII(1 ):8—11. 

Lacroix, D., Glude, J., Thomas, J.E. 8c Le Menn, H. (1994) From re¬ 
search to commercialization: lessons from four different strate¬ 
gies in the development of freshwater prawn culture ( Macro¬ 
brachium rosenbergii ) in America since 1977. World Aquaculture 
25(1):5-17. 

Lee, D.O’C. 8c Wickins, J.F. (1992) Crustacean Farming. Blackwell 
Science, Oxford. 

Lee, S.R. (1979) The Hawaiian Prawn Industry: A Profile. Aqua¬ 
culture Development Program, Department of Planning 8c Eco¬ 
nomic Development (DPED), Honolulu. 

Ling, S.W. (1977) Aquaculture in Southeast Asia: A Historical 
Overview. University of Washington Press, Seattle. 

Ling, S.W. 8c Costello, T.J. (1979) The culture of freshwater prawns: 
a review. In Advances in Aquaculture. Papers presented at the FAO 
Technical Conference on Aquaculture, 26 May-2 June 1976, Kyoto, 
(Ed. by T.V.R. Pillay 8c W.A. Dill), pp. 299-304. Fishing News 
Books, Blackwell Science, Oxford. 

Ling, S.W. 8c Merican, A.B.O. (1961) Notes on the life and habits 
of the adults and larval stages of Macrobrachium rosenbergii 
(De Man). Proceedings of the Indo-Pacific Fisheries Council 
9(2):55-60. FAO, Bangkok. 


McVey, J.P. (Ed.) (1993) CRC Handbook of Mariculture, 
2nd edn, Vol. 1: Crustacean Aquaculture. CRC Press, Boca 
Raton. 

Nair, C.M., New, M.B., Kutty, M.N., Mather, P.B. 8c Nambudiri, 
D.D. (2005) Freshwater prawns 2003 - special issue on the in¬ 
ternational symposium on freshwater prawns. Aquaculture Re¬ 
search, 36:209-316. 

Nair, C.M., Nambudiri, D.D., Jose, S., Sankaran, T.M., Jayachan- 
dran, K.V. 8c Salin, K.R. (Eds). (2007) Freshwater Prawns: Ad¬ 
vances in Biology, Aquaculture and Marketing, Proceedings of In¬ 
ternational Symposium on Freshwater Prawns, 20-23 August2003, 
Kochi, Kerala, India. Allied Publishers, New Delhi. 

New, M.B. (Ed.) (1982 )Giant Prawn Farming, Developments in 
Aquaculture and Fisheries Science, Vol. 10. Elsevier Scientific Pub¬ 
lishing, Amsterdam. 

New, M.B. (1990) Freshwater prawn culture: a review. Aquaculture 
88:99-143. 

New, M.B. (1995) Status of freshwater prawn farming: a review. 
Aquaculture Research 26:1-54. 

New, M.B. (1998) The farming of Macrobrachium with special 
reference to South-East Asia. In Aquaculture Research and Sus¬ 
tainable Development in Inland and Coastal Regions in South-East 
Asia, (Ed. by M. Beveridge, R. Fuchs, J. Furberg, N. Kautsky, A. 
Reilly 8c P. Sorgeloos), pp. 127-47. International Foundation for 
Science, Stockholm. 

New, M.B. (2002) Farming freshwater prawns: a manual for the cul¬ 
ture of the giant freshwater prawn ( Macrobrachium rosenbergii). 
FAO Fisheries Technical Paper 428. FAO, Rome. [Also available 
in Chinese and Arabic] 

New, M.B. (2005) Freshwater prawn farming: global status, re¬ 
cent research, and a glance at the future. Aquaculture Research, 
36:210-30. 

New, M.B. (2007) Freshwater prawn farming: global status, re¬ 
cent research, and a glance at the future. In Freshwater Prawns: 
Advances in Biology, Aquaculture and Marketing, Proceedings of 
International Symposium on Freshwater Prawns, 20-23 August 
2003, Kochi, Kerala, India. (Ed. by C. Mohanakumuran Nair, 
D.D. Nambudiri, S. Jose, T.M. Sankaran, K.V. Jayachandran 8c 
K.R. Salin), pp. 3-31. Allied Publishers, New Delhi. 

New, M.B. 8c Csavas, I. (1993) Aquafeeds in Asia - a re¬ 
gional overview. In Farm-Made Aquafeeds. Proceedings of 
the FAO/AADCP Regional Expert Consultation on Farm-Made 
Aquafeeds, 14—18 December 1992, Bangkok, (Ed. by M.B. New, 
A.G.J. Tacon 8c I. Csavas), pp. 1-23. FAO Regional Office for 
Asia 8c the Pacific/ASEAN-EEC Aquaculture Development 8c 
Coordination Programme (AADCP). Bangkok. [Reprinted in 
1995 as FAO Fisheries Technical Paper 343. FAO, Rome.] 

New, M.B. 8c Singholka, S. (1982) Freshwater prawn farming. A 
manual for the culture of Macrobrachium rosenbergii. FAO Fish¬ 
eries Technical Paper 225. FAO, Rome. 

New, M.B. 8c Singholka, S. (1985) Freshwater prawn farming. A 
manual for the culture of Macrobrachium rosenbergii. FAO Fish¬ 
eries Technical Paper 225 (Rev 1). FAO, Rome. 

New, M.B., Nair, C.M., Kutty, M.N., Salin, K.R. 8c Nandeesha, M.C. 
(2008) Macrobrachium: The Culture of Freshwater Prawns. 
Macmillan India, New Delhi, India. 

Rosenberry, R. (2007) www.shrimpnews.com/PaulMulvihill.html 

Sebastian, M.J., Nair, C.M. 8c Joseph, A. (1993) Giant freshwa¬ 
ter prawn. In Handbook of Aquafarming: Trout, Eel, Freshwater 



History and Global Status of Freshwater Prawn Farming 


11 


Prawn, Cray Fish , pp. 55-90. Marine Products Export Develop¬ 
ment Authority (MPEDA), Kochi. 

Silas, E.G. (Ed.) (1992) Freshwater Prawns. Proceedings of the Na¬ 
tional Symposium on Freshwater Prawns (Macrobrachium spp.), 
12 -14 December 1990, Kochi. Kerala Agricultural University, 
Thrissur. 

Taw, N. (1997) Support to the special plan for shrimp and prawn 
farming (Myanmar). FAO Field Document TCP/MY.Al4554(F). 
FAO, Rome. 

Thakur, N.K., Tewari, R. & Joseph, M.M. (1994) Freshwater Prawn 
Farming in India. Proceedings of the Workshop on Status of Fresh¬ 
water Prawn Farming in India, 17-18 March 1994. Asian Fisheries 
Society (Indian Branch), Mangalore. 

Trimble, W.C. & Sandifer, P.A. (1977) The biology and culture of 
the freshwater prawn (Genus Macrobrachium). In Shrimp and 
Prawn Farming in the Western Hemisphere, (Ed. by J.A. Hanson 
& H.L. Goodwin), pp. 385-439. Dowden, Hutchinson & Ross, 
Stroudsburg, PA. 

Valenti, W.C. (1985) Cultivo de Camaroes deAgua Doce. Nobel, Sao 
Paulo. 

Valenti, W.C. (1990) Cria^ao de camaroes de agua doce Mac¬ 
robrachium rosenbergii. In Anais da 27 Reuniao Anual da So- 
ciedade Brasileira deZootecnia e 12 Reuniao daAssociacao Latino- 
Americana de Produ^ao Animal, 22-27 julho 1990, Campinas , 
pp. 757-85. Funda^ao de Estudos Agrarios Luiz de Queiroz 
(FEALQ), Piracicaba. 

Valenti, W.C. (Ed.) (1998 )Carcinicultura deAgua Doce: Tecnologia 
para a Produ$ao de Camaroes. Funda^ao de Amparo a Pesquisa 


do Estado de Sao Paulo (FAPESP), Sao Paulo and Instituto 
Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis 
(IBAMA), Brasilia. 

Weidner, D., Revord, T., Wells, R. & Manuar, A. (1992a) World 
Shrimp Culture 2(1): Latin America overview and Caribbean. 
NOAA (National Oceanic and Atmospheric Administration) Tech¬ 
nical Memorandum NMFS-F/SPO-5. National Marine Fisheries 
Service, Silver Spring, MD. 

Weidner, D., Revord, T., Wells, R. & Manuar, A. (1992b) 
World Shrimp Culture 2(3): South America. NOAA (National 
Oceanic and Atmospheric Administration) Technical Memoran¬ 
dum NMFS-F/SPO-7. National Marine Fisheries Service, Silver 
Spring, Maryland. 

Wickins, J.F. (1976) Prawn biology and culture. In Oceanogra¬ 
phy and Marine Biology: An Annual Review, Vol. 14, (Ed. by H. 
Barnes), pp. 435-507. Aberdeen University Press, Aberdeen. 

Wickins, J.F. & Lee, D.O’C. (2002) Crustacean farming: ranching 
and culture. Blackwell Science, Oxford. 

Wildman, M., Niemeier, P., Nielsen, F., Beverly, J., Schneider, T., 
Riha, H., Sanborn, E., Weidner, D., Decker, D. & Rosenberry, B. 
(1992) World Shrimp Culture 1 .NOAA (National Oceanic and 
Atmospheric Administration) Technical Memorandum NMFS- 
F/SPO-4. National Marine Fisheries Service, Silver Spring, Mary¬ 
land. 

Wong, F. & Brock, J. (1991) Takuji Fujimura 1924-1990. World 
Aquaculture 22(2):75. 

Yixiong, C. & Suzhi, C. (1995) The prawns and crayfishes intro¬ 
duced to China. Sinozoologia 12:170-9. 



2 

Nomenclature and Taxonomy 

Lipke B. Holthuis and Peter K.L. Ng 


This chapter concentrates on the nomenclature and tax¬ 
onomy of the genus, set in an historical perspective. The 
morphology of larval and immediate post-larval prawns 
and the biological function of the external features of the 
species are discussed in Chapter 3. 


2.1 The genus Macrobrachium in 
aquaculture 

All the freshwater prawns that have been used in aqua¬ 
culture and associated experiments belong to the genus 
Macrobrachium Bate, 1868. This is the largest genus of the 
family Palaemonidae Rafinesque, 1815 (superfamily Palae- 
monoidea Rafinesque, 1815; infra-order Caridea Dana, 
1852; order Decapoda Latreille, 1803; sub-order Pleocye- 
mata Burkenroad , 1963), and about 230 species have been 
described so far (C. Fransen & S. De Grave, pers. comm. 
2008). Almost all of them live in freshwater, at least for part 
of their life. The genus is circumtropical and native to all 
continents, except Europe and Antarctica. 

Until recently, most commercial culture had been based 
on Macrobrachium rosenbergii (De Man, 1879), the species 
with which most of the present volume is concerned. How¬ 
ever, China is now culturing large quantities of M. nippo- 
nense (De Haan, 1849) and India M. malcolmsoni (H. Milne 
Edwards, 1844) (Chapters 1,21 and 23). 

A number of Macrobrachium species have been 
used for aquaculture experimental work: M. acanthurus 
(Wiegmann, 1836), indigenous to Atlantic America: North 
Carolina to South Brazil; M. amazonicum (Heller, 1862), 
indigenous to Atlantic South America: Venezuela to South 
Brazil; M. americanum Bate, 1868, indigenous to Pa¬ 
cific America: Baja California to North Peru; M. carcinus 
(Linnaeus, 1758), indigenous to Atlantic America: Florida 
to South Brazil; M. formosense Bate, 1868, indigenous 
to Japan and Taiwan; M. lamarrei (H. Milne Edwards, 
1837), indigenous to India and Bangladesh; M. lanceifrons 


(Dana, 1852), indigenous to the Philippines; M. lanches- 
teri (De Man, 1911), indigenous to Thailand, Malaysia and 
Singapore; M. lar (Fabricius, 1798), inhabiting the en¬ 
tire Indo-West Pacific region from East Africa to Poly¬ 
nesia; M. malcolmsonii, indigenous to Pakistan, India 
and Bangladesh; M. ohione (Smith, 1874), indigenous to 
Atlantic USA: Virginia to Texas, and the Mississippi basin; 
M. rude (Heller, 1862), indigenous from East Africa to 
Bangladesh; and M. vollenhovenii (Herklots, 1857), indige¬ 
nous to West Africa: Cape Verde Islands to South Angola. 

Macrobrachium americanum , M. carcinus and M. vollen¬ 
hovenii are closely related and are most easily recognised 
by their region of origin: West America, East America and 
West Africa, respectively. The adults of these three species 
are relatively large (170-250 mm total length), but are still 
smaller than M. rosenbergii from which they further differ 
by the short rostrum, which is rather straight and has 2 to 
5 (mostly 3 or 4) ventral teeth and 11 to 14 dorsal teeth; 
the large chelae are far less slender with the carpus (the 
segment before the chela) shorter than the preceding seg¬ 
ment, the merus; the movable fingers do not show a velvety 
pubescence. 

Three other species that are presently cultured on a small 
scale, or experimentally, are M. lanchesteri, M. acanthu¬ 
rus and M. malcolmsonii. They resemble M. rosenbergii in 
having the second legs of the male very slender with the 
carpus distinctly longer than the merus; in all three both 
fingers of the second chela of the adult male shows a dense 
pubescence. The rostrum of these three species reaches at 
most a little beyond the antennal scale. Macrobrachium 
lanchesteri is a small species (total length up to 55 mm), 
with a straight rostrum, bearing 6 to 11 (usually 8 or 9) 
dorsal and 2 to 7 (usually 3 or 4) ventral teeth. Macro¬ 
brachium acanthurus is much larger (up to 166 mm), and 
much more robust; its rostrum has 9 to 11 dorsal teeth and 
4 to 7 ventral. Macrobrachium malcolmsonii is of pretty good 
size (up to 230 mm). It is closer to M. rosenbergii than the 
other species described here, but as already mentioned the 
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second legs of the adult male have both fingers covered with 
a velvety pubescence, and the rostrum, though showing a 
dorsal crest over the orbits, is shorter, less slender and has 
only about 5 ventral teeth. 


2.2 Nomenclature and historical 
perspective 

Macrobrachium rosenbergii was one of the first species of 
the genus known to western science. The first recognis¬ 
able figure of it was published (as Figure B of Plate 1) 
in ‘D’Amboinsche Rariteitkamer’ (Rumphius 1705). How¬ 
ever, this excellent figure did not originate from Rumphius’ 
original manuscript but was added later by the editor, 
Simon Schijnvoet, who wanted the book more richly il¬ 
lustrated. To that end he had figures made of a number of 
specimens in the many Dutch cabinets of natural curiosi¬ 
ties of that time and added them to Rumphius’ manuscript. 
Most of these additional specimens did not originate from 
Ambon (Moluccas, Indonesia), the site of Rumphius’ re¬ 
search, and usually were not labelled as to their original lo¬ 
cality. Fortunately, such additional illustrations were care¬ 
fully indicated as such in the text. Figure B of Plate 1 in 
that volume was made after a specimen in the collection 


of Henricus d’Acquet (1632-1706), a physician who was 
burgomaster of Delft, and had a very rich natural history 
cabinet. The original figure, reproduced in this chapter 
of our book as Figure 2.1, is still extant and is held by 
the Instituut voor de Tropen (Institute for the Tropics) in 
Amsterdam. It is of good quality, but unfortunately it is not 
provided with a legend, so that the origin of the depicted 
animal is unknown. 

The first good written account of the species is provided 
by Herbst (1792), who gave a good description and an il¬ 
lustration (as Figure 1 of his Plate 28) under the incorrect 
name Cancer ( Astacus)carcinus Linnaeus, 1758. Linnaeus’ 
Cancer carcinus, however, is an American species of Mac¬ 
robrachium, which Herbst (1792) also described and illus¬ 
trated (as Figure 2 of his Plate 27) but as a new species 
under the name Cancer ( Astacus)jamaicensis . Herbst’s de¬ 
scriptions and illustrations so clearly characterised the two 
species that his nomenclature was adopted by most sub¬ 
sequent authors and, during the following 150 years, the 
specific name carcinus was generally used for the present 
East Indian species and that of jamaicensis for the American 
one. In the meanwhile, J.G. De Man (1879) found a new 
species from New Guinea which he named Palaemon rosen¬ 
bergii. The first person who challenged Herbst’s nomen¬ 
clature was Sunier (1925), who showed that Linnaeus’ 



Fig. 2.1 Original figure of M. rosenbergii (De Man) illustrated in Rumphius (1705). (Source: by courtesy of the Instituut 
voor de Tropen, Amsterdam.) 
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description of Cancer carcinus was solely based on mate¬ 
rial of the American species named jamaicensis by Herbst 
(1792). Sunier (1925) accepted the nomenclatural conse¬ 
quences of his discovery and replaced the name jamaicensis 
by carcinus, and proposed the new specific name dacqueti 
for the Indo-West Pacific species, honouring thereby bur¬ 
gomaster d’Acquet. In 1950, Sunier’s views were confirmed 
(Holthuis 1950), except that it was pointed out that the 
name Palaemon rosenbergii De Man, 1879, for the Indo- 
West Pacific species is actually older than P. dacqueti Sunier, 
1925. It therefore had precedence and the specific name 
rosenbergii had to be used for the Asian species. However, 
as will be discussed later, the name ‘M. rosenbergii ’ actually 
includes two distinct species, a situation that causes even 
more problems. 

So, while the nomenclature of the species has been rather 
muddled, the situation is not that much better at the genus 
level. When Weber (1795) established the new genus name 
Palaemon, he placed in it three described species (and six 
invalid nomina nuda, i.e. unavailable names). These three 
species at present are assigned to the genera Palaemon and 
Macrobrachium. For the next half century, most authors 
used the name Palaemon in Weber’s sense for both genera. 
Stimpson (1860) was the first to split Palaemon. He kept the 
name Palaemon for the species that at present is assigned 
to Macrobrachium and used the name Leander for species 
now known as Palaemon. It was the American carcinolo- 
gist Mary Jane Rathbun (1897), who first pointed out that 
the first valid type selection for the genus Palaemon was by 
Latreille (1810). who selected as the type species for that 
genus Cancer squilla Linnaeus, 1758, a species at present 
assigned to the genus Palaemon, but at that time usu¬ 
ally indicated as Leander squilla. Rathbun then correctly 
pointed out that the genus that until then had usually 
been given the name Leander should be known as Palae¬ 
mon Weber, 1795, and that what most zoologists at that 
time named Palaemon had to be called Macrobrachium 
Bate, 1868. Rathbun’s nomenclaturally correct decision 
was accepted by most American authors, but most of the 
European zoologists stuck to Leander and Palaemon as used 
by Stimpson (1860). The confusion caused by this usage 
of the name Palaemon in two different senses finally led to 
a request to the International Commission on Zoological 
Nomenclature for a decision in this matter, in order to re¬ 
store the uniformity in the use of the various names. In 
1959 the Commission decided on this case (International 
Commission on Zoological Nomenclature 1959), and their 
Opinion 564, ‘directed that the nominal genus Palaemon 
Weber, 1795, shall be cited as having as its type species the 
nominal species Palaemon adspersus Rathke, 1837’. Palae¬ 
mon adspersus was the oldest available synonym of Cancer 
squilla Linnaeus, 1758, a species name that for other reasons 
had been suppressed by the Commission. This meant that 


Rathbun’s views were now officially accepted. Since then, 
the name Macrobrachium Bate, 1868, has been universally 
used for the present genus. After having been known for 
about a century and a half as Palaemon carcinus, the species 
that forms the major topic of our book is now definitively 
known under the nomenclaturally correct name of Macro¬ 
brachium rosenbergii. It was only through the action of the 
Commission that the undesirable nomenclatural confusion 
ended and uniformity and stability in the nomenclature of 
this important species was established. 


2.3 Taxonomy 

2.3.1 The genus Macrobrachium 

The genus Macrobrachium is rather easily distinguished 
from allied genera. It can be characterised by the presence of 
a hepatic spine, absence of supraorbital and branchiostegal 
spines and a simple dactylus of the last three legs. The ros¬ 
trum is well developed, compressed and toothed. The telson 
is provided with two pairs of dorsal and two pairs of pos¬ 
terior spines. Some authors synonymised Macrobrachium 
with Cryphiops Dana, 1852, the name of a South American 
genus. However, Cryphiops can immediately be distin¬ 
guished from Macrobrachium by the fact that the hepatic 
spine of the carapace is absent. This spine is always present 
in Macrobrachium, except in abnormal specimens. 

Efforts to divide Macrobrachium into subgenera under¬ 
taken at the end of the 19th century, for example, by 
Ortmann (1891), proved to be unsuccessful. Even though a 
few natural groups of species can be recognised within the 
genus, a complete subdivision has so far proved impossible. 
With such a wide distribution across the world and with 
so many exclusively freshwater species, the general belief 
is that Macrobrachium is unlikely to be one monophyletic 
genus. Even within one continent like Asia, there is such a 
diversity of form among the many species that is difficult 
to imagine the genus is monophyletic. Unfortunately, bi¬ 
ologists have found few effective or reliable characters to 
separate most of them. A few more characteristic species 
such as M. mirabile (Kemp, 1917) and M. palaemonoides 
Holthuis, 1950, will be separated out into their own gen¬ 
era (D. Wowor, pers. comm. 2008). A practical and more 
natural subdivision can probably only be realised when the 
many species are better collected, better studied and more 
characters elucidated and analysed. 

M. rosenbergii (Fig. 2.2) can be distinguished from other 
species of the genus by the combination of the following 
characteristics: 

• It is the largest known of all Macrobrachium species (total 

body length up to 320 mm). 
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• It is characterised by the long rostrum with 8 to 15 dorsal 
teeth and 6 to 16 ventral teeth. 

• The tip of the telson reaches distinctly beyond the poste¬ 
rior spines of the telson. 

• The adult male has very long second chelipeds in which 
all segments are elongate and provided with blunt spines. 

• The movable finger of the second chelipeds of the adult 
male is covered by a dense velvet-like fur (except the 
extreme tip), while such fur is absent from the fixed finger 
and the rest of the cheliped. 

2.3.2 The identity of Macrobrachium rosenbergii 

To understand the correct scientific name for the giant 
freshwater prawn, it is important to understand its convo¬ 
luted taxonomic history - the name Macrobrachium rosen¬ 
bergii (De Man, 1879) has 15 synonyms associated with it! 
When De Man (1879) obtained a specimen from Andai, 
New Guinea, he thought its differences from the western 
form (which he indicated as Palaemon carcinus ) were so 
significant that he described it as a new species, Palaemon 
rosenbergii. Ortmann (1891) reduced the status ofM. rosen¬ 
bergii to that of a subspecies (or variety as he called it) and 
was followed in this by De Man himself (1892) and by the 
carcinologist Jean Roux in various papers dealing with New 
Guinean material. Most subsequent authors did away with 


the subspecific status and recognised just a single undivided 
species. It was Johnson (1960, 1973) who discussed the two 
forms again, one western and one eastern, and made it clear 
that he considered them to be subspecies of M. rosenbergii. 
The range of the western subspecies includes the east coast 
of India, the Bay of Bengal, the Gulf of Thailand, Malaysia, 
and western Indonesia (east to Borneo and Java); while the 
eastern subspecies inhabits the Philippines, eastern Indone¬ 
sia namely Sulawesi (= Celebes) and Irian Jaya (= western 
New Guinea), as well as Papua New Guinea and Australia. 
Since the type locality of M. rosenbergii is New Guinea, 
the eastern form should therefore be named M. rosenbergii 
rosenbergii. For the western form, Johnson (1973) proposed 
a new name, M. rosenbergii schenkeli. Since then, many in¬ 
dependent studies using morphological and/or biochemi¬ 
cal studies have provided strong evidence that there are in 
fact two distinct populations of what is traditionally called 
‘M. rosenbergii’ (Hedgecock et al. 1979, Sarver et al. 1979, 
Lindenfelser 1984, Wowor 8t Choy 2001, Cai & Ng 2001, 
2002, Cai et al. 2004, Wowor et al. 2004, De Bruyn et al. 
2004, Chand et al. 2005). 

Holthuis (1995) had commented that if two subspecies 
were indeed to be recognised, the correct name for the west¬ 
ern subspecies should be M. rosenbergii dacqueti (Sunier, 
1925), with the name of the eastern subspecies remain¬ 
ing as M. rosenbergii rosenbergii (De Man, 1879). The type 
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locality for dacqueti is Java in Indonesia while that of rosen- 
bergii is New Guinea. Macrobrachium rosenbergii schenkeli 
Johnson, 1973, is clearly a junior synonym of dacqueti. 

A major taxonomic change arose with a brief report by 
Wowor & Ng (2001) that they had strong morphologi¬ 
cal evidence that the two subspecies were actually separate 
species. The complete evidence, including larval informa¬ 
tion, was summarised and presented in Wowor & Ng (2007). 
The recognition of two distinct species, M. rosenbergii (De 
Man, 1879) and M. dacqueti (Sunier, 1925), presents a ma¬ 
jor nomenclatural conundrum. Because the most widely 
cultured and studied species is actually the ‘western sub¬ 
species’, the name that should be used is M. dacqueti and 
not the better known M. rosenbergii. This is clearly a very 
unsatisfactory situation as the Giant Freshwater Prawn has 
long been known as ‘M. rosenbergii’. Having its scientific 
name changed because of a twist of history is clearly not 
in the interests of nomenclatural stability since almost all 
aquacultural and fisheries studies (and the thousands of as¬ 
sociated reports and papers) have been using material from 
Thailand and Malaysia identified as ‘M. rosenbergii. To this 
effect, Wowor & Ng (2008) submitted an application to the 
International Commission for Zoological Nomenclature to 
have the type of M. rosenbergii changed so the name can 
remain with the commercially more important and sci¬ 
entifically better known species. Because of this action, a 
new name will need to be used for the eastern species from 
Philippines, Sulawesi, New Guinea and Australia (Wowor 8; 
Ng 2008). 

Comparing the two species that have been confused 
under ‘M. rosenbergii , adults of the scientifically more 
important Macrobrachium rosenbergii , as defined here, 
usually having a blue to bluish-green colour patterns in life 
(versus dark brown to almost black), a basal rostral crest 
which is always relatively high to moderately high (versus 
usually lower), the tip of the rostrum either reaches or 
clearly exceeds the tip of the scaphocerite (versus relatively 
shorter, often not reaching end of scaphocerite), and all 
the surfaces of the segments of the second pereopods 
(except for dactylus and ischium) are covered with 
widely-spaced and elevated large spines but without inter¬ 
spersed spinules (versus surfaces abundantly covered with 
spinules interspersed with widely-spaced, elevated large 
spines). 
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This chapter is based on information on Macrobrachium 
rosenbergii (De Man, 1879), as far as possible. Where specific 
information is lacking, material has been taken from studies 
on closely related decapod crustaceans. For greater detail on 
decapod biology, two useful sources are Factor (1995) on 
the American lobster and Dali et al. (1990) on the more 
closely related penaeid shrimp. 


3.1 Habitat and life cycle 

M. rosenbergii lives in tropical freshwater environments 
with access to adjacent brackishwater areas, because its lar¬ 
val development must take place in low salinity water (John 
1957; Ling & Merican 1961; Sandifer et al. 1975). Gravid 
females migrate downstream into estuaries, where the eggs 
hatch as free-swimming larvae. From egg hatching until 
metamorphosis into postlarvae (PL), the planktonic larvae 
pass through several zoeal stages (Ling 1969; Uno & Kwon 
1969). The larvae actively swim tail first, with the ventral 
side uppermost, but at metamorphosis the PL resemble 
miniature adult prawns and tend to settle on surfaces and 
walk. When they do swim it is forwards, with the dorsal side 
uppermost (New & Singholka 1985). PL not only walk on 
the substratum but also attach to vegetation (Ling 1969). 
After metamorphosis PL become positively rheotactic and 
begin to migrate upstream towards freshwater (Fig. 3.1). 
This behaviour can be used to separate out PL from other 
larvae under culture conditions (Smith & Hopkins 1977). 
Migration upstream is not always immediate, with the PL 
staying in the brackishwater for up to two weeks (Ling 1969; 
George 1969). Ling (1969) reports that from one month old 
they can migrate quite rapidly and at two months can swim 
against strong currents and even cross rapids. They are also 
able to climb vertical surfaces (small waterfalls, weirs, etc.) 
and can utilise even very shallow water sources to move 
long distances; Ling (1969) reports up to 200 km. George 
(1969) pointed out that this upward migration of PL took 


place under different conditions in the Hooghly and Kerala 
river systems. 

Adult prawns are active at night (Ling & Merican 1961; 
Nakamura 1975), and during the day prawns rearrange their 
positions to remain in shaded areas (John 1957; Karplus & 
Harpaz 1990). The juveniles exhibit nocturnal swimming 
activity, probably to take advantage of pelagic food re¬ 
sources, whereas during the day they settle on the bottom 
and crawl (Scudder et al. 1981). 

The diet of larvae is principally zooplankton (mainly 
minute crustaceans), very small worms, and the larval 
stages of other crustaceans (New & Singholka 1985). Post- 
larval and adult M. rosenbergii are omnivorous, eating al¬ 
gae, aquatic plants, molluscs, aquatic insects, worms and 
other crustaceans (John 1957; Ling 1969). Cannibalistic 
behaviour may occur if food becomes insufficient, and/or 
in overpopulated ponds. 


3.2 Morphology and related topics 

3.2.1 External morphology 

3.2.1.1 Characteristics 

M. rosenbergii is the largest species of the genus: the males 
can reach a total length (from tip of rostrum to tip of telson) 
of 320 mm, the females of 250 mm. The body is usually 
of a greenish to brownish grey, sometimes more bluish 
colour, and is darker in larger specimens. There are irregular 
brown, grey and whitish streaks, often placed somewhat 
longitudinally. The lateral ridge of the rostrum may show 
a red colour. An orange spot is present on the articulations 
between the abdominal somites. The antennae are often 
blue. The chelipeds may also be blue. All these colours are 
brighter in the smaller than in the very large specimens. As a 
typical decapod, the body is segmented with each segment 
bearing a pair of appendages. The head and thorax are 
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Fig. 3.1 Life cycle of M. rosenbergii. 


fused to form the cephalothorax under a dorsal and lateral 
covering, the carapace, but the somites can be seen from 
the ventral surface. The head or cephalon is formed of 5 
somites while the thorax has 8 and the abdomen 6. 

The carapace ends anterodorsally in the rostrum. The 
rostrum of this species is long, reaching beyond the anten¬ 
nal scale, except in very large specimens, where it may be 
proportionately shorter. The rostrum is slender and slightly 
sigmoid, with the distal part curved upward. Dorsally the 
rostrum bears 11 to 14 teeth (the first 2 of which are placed 
behind the orbit, while the others extend over the full length 
of the rostrum) and 8 to 10 below; this large number of 
ventral teeth distinguishes M. rosenbergii from practically 
all other species of the genus; also its length is quite char¬ 
acteristic. The rest of the carapace is smooth except for the 
presence of two spines on either side. The strong antennal 
spine is placed on the anterior margin of the carapace just 
below the lower limit of the orbit. The second spine, the 
hepatic spine, lies below the antennal and far behind the 
anterior carapace margin; a closed groove, the branchioste- 
gal line, connects the hepatic spine with this anterior mar¬ 
gin. The somites of the cephalon and thorax are completely 
fused and no segmentation is visible. 

The cephalon has the following five appendages: 

1) the antennules (or first antennae); 

2) the antennae (or second antennae), 

3) the mandibles; 

4) the first maxillae or maxillules; 

5) the second maxillae or ‘maxillae’ 


The eyes are found at the very front of the head on a vestigial 
segment known as the acron, but which is not considered 
a true somite (McLaughlin 1980; Stachowitsch 1992). They 
are stalked and consist of a short sturdy peduncle which 
carries the rounded and darkly coloured cornea, in which 
are placed the ophthalmic elements that form the compos¬ 
ite eye. The antennules are formed of a three-segmented 
peduncle, the top of which carries three flagella and are 
used as tactile organs. The antennae have a five-segmented 
peduncle that carries a long and strong single flagellum; 
on the outer margin of the third peduncular segment a 
large scale, the antennal scale or scaphocerite, is implanted. 
The mandibles and the first and second maxillae are placed 
near the mouth opening and are termed mouthparts; they 
play a role in the ingestion of food. The mandibles are 
short, heavily calcified molar-like jaws and serve for grind¬ 
ing up the hard parts in the food; the first and second 
maxillae are thin and lamelliform. These mouthparts are 
small and are entirely covered by the appendages posterior 
to them. 

Of the eight pairs of appendages of the thorax the first 
three, named maxillipeds I, II and III, can also be termed 
mouthparts; maxillipeds I and II are lamelliform like the 
maxillae, while maxilliped III is pediform, and sometimes 
may be mistaken for a pereopod. The remaining five legs 
are the pereopods or true legs as typical of the Decapoda, 
consisting of seven segments: coxa, basis, ischium, merus, 
carpus, propodus (propus) and dactylus. The first two of 
these carry chelae or pincers and are termed chelipeds. The 
last three pairs end in a simple claw. The first cheliped is 














20 


Freshwater Prawns 


narrow and slender, it is smooth and of about the same 
width throughout; it is distinctly shorter and thinner than 
the second cheliped which is the largest of all the pereopods. 
The second cheliped is strong, bears numerous spinules and 
is far more robust than any other leg and both are similar; 
there is no differentiation in M. rosenbergii as can some¬ 
times be seen in some other species of Macrobrachium (e.g. 
M. olfersii ) and large reptantian chelipeds, such as Homarus 
spp. In the dominant adult males this leg becomes exces¬ 
sively long and may reach with a large part of the merus 
(plus carpus and chela) beyond the antennal scale. In fe¬ 
males and younger males it surpasses the scale with only part 
of the carpus. In both sexes the segments of this leg are slen¬ 
der. The carpus is always longer than the merus. Numerous 
spinules are present on all segments; in the large males the 
carpus and merus have especially large and strong spinules. 
The fingers of the chelae are slightly shorter than the palm, 
and each ends in a sharp inward tip. A characteristic of the 
species is the fact that the mobile finger is covered with a 
dense, though rather short pubescence, which leaves only 
the very distal part of the finger naked; no such pubescence 
is found on the fixed finger or any other part of the che¬ 
liped. This gives an appearance to the naked eye of a velvet 
covering to the tip of the second cheliped but is made up of 
tufts of setae in close groups. The following three pairs of 
legs are rather similar; they have no chelae, are slender and 
in either sex are much shorter than the second cheliped. 

In contrast to the cephalothorax, the segmentation of the 
abdomen is very distinct viewed from all aspects. This part 
of the body consists of six somites, each of which bears a 
pair of ventral appendages, called pleopods or swimmerets, 
which consist of a peduncle (protopod), with two sup¬ 
ple lamelliform blades. As the name indicates, these swim¬ 
merets are used for swimming, while the pereopods are used 
mainly for movement on the ground. The swimmerets of 
the sixth abdominal somite are stiff and hard and, with the 
telson, serve as a tail fan. The telson is a median appendage 
on the posterior margin of the sixth abdominal somite. It 
is elongate, triangular and has two pairs of dorsal spinules; 
its posterior margin is produced in the middle into a strong 
broad point, which reaches distinctly beyond the two pairs 
of spinules that are implanted on the posterior margin; in 
most other species of Macrobrachium this point is over¬ 
reached by the spinules. The tail fan is used for making a 
rapid forward motion to propel the prawn backwards in 
an escape response. The female, when ‘berried’ carries the 
small and very numerous eggs under the abdomen, where 
they are attached to the swimmerets. 

3.2.1.2 Function of external structures 

While external morphology has been fully described in sec¬ 
tion 3.2.1.1, some brief comments on the function of the 


various structures, based on the work of McLaughlin (1980, 
1982); Cavalcanti etal. (1986) and Kaestner (1993), are ap¬ 
propriate here. 

In spite of several chemo- and mechano-receptors iden¬ 
tified on the chelae, ambulatory legs and mandibles of a 
number of Crustacea, the antennules and antennae are con¬ 
sidered the most important sites of sensory reception. The 
statocyst (gravity receptor) is localised in the basal segment 
of the antennular peduncle. The chemoreceptor cells in 
the pereopods of M. rosenbergii have, on average, broader 
response spectra than the chemoreceptor cells in the anten¬ 
nules and pereopods of lobsters (Derby & Harpaz 1988). 
They are sensitive not only to aqueous extracts of food but 
also to salts. Such sensitivity might be involved with repro¬ 
ductive behaviour, since gravid females move into estuaries, 
where their eggs hatch, and in their return to freshwater af¬ 
ter spawning. The detection of salts might be also important 
for the migration of juveniles into adult habitats (Derby & 
Harpaz 1988). 

Three sets of cephalic appendages are concerned with 
feeding: the mandibles, maxillules and maxillae. The 
mandibles, being well developed with incisor and molar 
processes and a three-segmented palp, are specialised for 
cutting and crunching. Each of the first maxillae consists 
of an endopod, which is bilobed at the top, and two en- 
dites. The exopod of each second maxillae is developed as 
a scaphognathite whose constant beating produces a water 
current through the gill chamber, promoting respiratory 
gas exchange. The second maxillae also include an endo¬ 
pod and two endites; as in the case of the first maxillae these 
assist in the handling of the food towards the mandibles. 
The first three thoracic appendages (maxillipeds), which are 
located between the mouth appendages and the locomotor 
appendages, are also utilised for feeding or food handling. 
The remaining five pairs of pereopods are what give the 
name to the order Decapoda but atypically of this order, 
the first pair in the Caridea is much smaller than the second 
pereopods; they are chelate and are utilised in capturing 
food. The second pair is chelate and is involved with several 
functions in addition to food capture, including agonistic 
and mating behaviour. The final three thoracic appendages 
(pereopods three to five) are typical walking legs. 

The first five of the six abdominal appendages consist 
of pairs of well-developed supple natatory appendages 
(pleopods). These five pleopods have biramous structures, 
adapted for swimming. In females, these are developed 
with attachment sites for egg clusters. In males, the second 
pair of pleopods is modified for copulation (Fig. 3.2) by 
possession of an additional outgrowth from the endopod, 
the appendix masculina. This is a very useful means for 
sexing young prawns (Tombes & Foster 1979), being 
visible as a side bud from animals approximately 30 mm in 
length; by the time the animals are 70 mm in total length 
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rostrum 



Fig. 3.2 Male external morphology of 
M. rosenbergii and details of sec¬ 
ond pleopod. (Source: modified from 
Pinheiro & Hebling 1998, with permis¬ 
sion of Sao Paulo State University.) 


the appendix masculina is twice as long as the appendix 
externa and can therefore provide a more easily visible 
distinction between the sexes. As noted in section 3.2.1.1, 
the sixth somite bears the rigid uropods which, together 
with the telson, form a very effective propulsive structure 
(tail fan) for reverse movement. 

A number of important morphological characteris¬ 
tics differentiate caridean prawns from penaeid shrimp 
(Fig. 3.3). In all carideans the second abdominal pleura 
overlap both first and third pleura, and the terminal chelae 
on the third pereopods are lacking (McLaughlin 1980). An 
additional distinguishing feature is that most carideans, 
including Macrobrachium spp., have a smooth, rounded 
dorsal abdominal surface, while most penaeids have a sim¬ 


ple or complex ridge at the dorsal apex of the abdomen 
(Fincham & Wickins 1976). 

3.2.2 Internal morphology 

This section is concerned principally with morphology, but 
necessarily and briefly discusses some important and re¬ 
lated physiological aspects, for which further reading is 
referenced. 

3.2.2.1 Circulatory system 

Decapod circulatory systems have been described by 
McLaughlin (1983); Bliss (1990) and McMahon 8; Burnett 
(1990), on whose work this section is based. 


CAR IDEA 


PENAEIDEA 





Macrobrachium rosenbergii 



Meiicertus latisulcatus Farfantepenaeus duorarum 


Fig. 3.3 Distinguishing features of 
carideans and penaeids. Note: 
Meiicertus latisulcatus was formerly 
known as Penaeus latisulcatus', 
Farfantepenaeus duorarum was for¬ 
merly known as Penaeus duorarum. 
(Source: after Fincham & Wickins 
1976.) 





















22 


Freshwater Prawns 



artery 

Fig. 3.4 The circulatory system of caridean prawns. 


The decapod heart is a condensed muscular structure 
(ventricule), which has paired ostial valves (normally three) 
in its wall that communicate between the ventricular cavi¬ 
ties and the surrounding areas, known as the pericardium 
(or pericardial sinus). The heart pumps haemolymph into 
a complex arterial system which perfuses the tissues. The 
arterial system comprises several distinct outflow systems: 

• a single anterior aorta that provides blood to the eyes and 
supra-oesophageal ganglion; 

• anterior lateral arteries that are the primary suppliers of 
blood to the cephalic appendages, foregut walls, muscu¬ 
lature, antennal glands and carapace; 

• hepatic arteries, leaving anterolaterally; 

• a sternal artery that runs towards the ventral region and 
divides into anterior ventral thoracic arteries and poste¬ 
rior ventral abdominal arteries (Fig. 3.4). 


Venous return occurs via distinct channels into the collect¬ 
ing sinuses that supply the gills and branchiostegal circula¬ 
tions, and then to the pericardial cavity and finally to the 
heart. As a result of this arrangement, the heart is directly 
supplied with oxygenated blood from the gills, which is 
pumped to the tissues. 

McMahon & Burnett (1990) reviewed the physiology 
of several advanced crustacean open circulatory systems, 
suggesting that they are not poorly designed structures 
with sluggish performance, as is commonly assumed. These 
systems are, in fact, complex, very efficient and highly 
regulated. 

3.2.2.2 Respiratory system 

The gill structure of M. olfersii has been described in detail 
by Freire & McNamara (1995) and may be representative 
of other Macrobrachium spp. The gills are phyllobranchi- 
ate, i.e. there is an elongated axial structure with a series of 
lateral branches (respiratory lamellae). Each gill (Fig. 3.5) 
bears a very large number of lamellae that consist of flat¬ 
tened plates, in which the perfusing haemolymph flows 
from lateral efferent vessels to the outer marginal canals, 
across the haemilamella by means of gill capillaries to the 
inner marginal canals and back through the central afferent 
vessel. 

The gills are enclosed in branchial chambers (Fig. 3.5), 
which are formed between the thoracic body wall and the in¬ 
ner surface of the carapace (branchiostegite). These cham¬ 
bers offer protection to the gills, as well as directing the 
water current over them. The beating of a leaf-like flap. 


Fig. 3.5 General anatomy of the gills 
of M. olfersii (A and B are reproduced 
from McNamara & Lima 1997, with 
permission from the Marine Biological 
Laboratory, Woods Hole, MA.) 

Key: A = general anatomy of the gill; 
B = general anatomy of a gill lamella; 
ev = lateral efferent vessels; av = cen¬ 
tral afferent vessel. 


gills 
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the scaphognathite (the exopod of the maxillae), causes a 
current of water to enter into the branchial chamber. Water 
is drawn from openings between the bases of the pere- 
opods and the thoracic walls, flows through the gills within 
the branchial chambers and is expelled anteriorly. The gills 
are directly involved in the respiratory process, as well as 
in the osmo-ionic regulation and excretion. A connection 
between metabolic rate, as measured by resting oxygen con¬ 
sumption (ROC), was found in relation to social status in 
M. rosenbergii; effectively the outcome of aggressive inter¬ 
actions could be predicted on the basis of this (Brown et al. 
2003a). 

Oxygen uptake and its transport to tissues are facili¬ 
tated by respiratory pigments, which in M. rosenbergii is 
haemocyanin, a copper-containing protein, as reported in 
several other decapods. According to Taylor & Funge-Smith 
(1994), the oxygen affinity of haemocyanin of M. rosenbergii 
is sensitive to changes in temperature, and also in salinity 
to a lesser extent. These phenomena are of great impor¬ 
tance, since this animal is exposed to large fluctuations in 
environmental parameters, especially as it migrates to estu¬ 
aries for spawning. Until now, there is no information on 
whether adaptive changes of the properties of haemocyanin 
may occur during ontogenesis. 

3.2.2.3 Digestive system 

The alimentary canal of decapods is a tubular structure with 
an anteroventral mouth and runs dorsally along the body 
terminating in the anus, located in the base of the telson. 
The digestive system is divided into three distinct regions 
(foregut, midgut and hindgut) and includes the digestive 
gland (hepatopancreas), cecae and diverticulae. The foregut 
and hindgut are ectodermal in origin and hence lined with 
cuticle. The midgut derives from the endoderm so has no 
cuticular covering and its cells are directly in contact with 
the lumen (Icely & Nott 1992). The midgut starts where the 
digestive gland joins the main tract. 

The foregut is a chambered structure situated in the 
cephalothorax and consists of the oesophagus and the 
proventriculus, which is formed of an anterior and poste¬ 
rior chamber. The two chambers of the proventriculus have 
historically been referred to as cardiac and pyloric stomachs 
but, since this terminology derives from vertebrate anatomy 
where the anterior most part of the stomach is closest to the 
heart, this makes no sense whatsoever in crustaceans where 
the heart is found at the most posterior end of the thorax. 
This has been fully expounded in McLaughlin (1983) and 
Dali et al. (1990). The process of food mixing with enzymes 
passed forward from the digestive gland is essentially quite 
complex, as described in Dali & Moriarty (1983); the basic 
principle is that food has to be broken down into particles 
small enough to pass through the filterpress that guards the 


entrance to the digestive gland. This mixing action is aided 
by the action of muscles moving the proventriculus walls; 
in higher decapods they also act on the gastric mill, partic¬ 
ularly dentate structures found between the two chambers. 
However, the gastric mill is not found in some Caridea 
(Dali & Moriarty 1983) including M rosenbergii (Kihara 
1997). 

The midgut of decapods is the primary site of enzyme 
action and nutrient absorption (Dali & Moriarty 1983). It 
exhibits a well-developed glandular appendage, known as 
the digestive gland or hepatopancreas, forming a compact 
complex of ducts and blind-ending tubules, which occupy 
a large part of the cephalothorax. This glandular appendage 
is involved with the synthesis and secretion of digestive en¬ 
zymes, the re-absorption of nutrients, the storage of energy 
reserves, as well as ion transport for mono- and di-valent 
cations and anions (Dali & Moriarty 1983; Icely & Nott 
1992). A sodium-dependent glucose transport mechanism 
in the midgut epithelium of M. rosenbergii was demon¬ 
strated by Ahearn & Maginniss (1977). The indigestible 
material is packaged into faecal pellets within the midgut 
and pushed by peristaltic contractions into the hindgut. 
This final region is relatively short and terminates in a mus¬ 
cle controlled anus. 

3.2.2.4 Excretory system 

The excretory system of decapods has been described by 
McLaughlin (1983), and Mantel & Farmer (1983), on whose 
work this section has been based. 

Several tissues and organs participate in the excretion of 
metabolic wastes in crustaceans, but the primary organ of 
urine production in adult malacostracans is the antennal 
gland (or green gland), which is paired and located in the 
cephalothorax. The morphology of this gland follows a basic 
plan: each consists of an initial sack (coelomosac), a long 
excretory tubule (a labyrinth, and a nephridial canal) and 
a large bladder. The opening is an excretory pore near the 
base of the antennae (hence the name, antennal gland). 

Urine is formed in the antennal gland by filtration and re¬ 
absorption, with tubular secretion added. The most studied 
antennal gland is that of crayfish (Mantel & Farmer 1983). 
The distal portion of its labyrinth contains cells with active 
endocytotic vesicles, which may absorb proteins. The blad¬ 
der is the site of uptake and secretion of ions and water. 
Glucose re-absorption also occurs in the antennal gland, 
but the specific site of this process has not been identified. 
In freshwater hyper-regulators, the renal organ is effective 
in salt re-absorption, producing a diluted urine. 

Sarver et al. (1994) hypothesised that only a portion 
of the crawfish antennal gland Na/K-ATPase is involved 
with renal salt re-absorption, with the consequential pro¬ 
duction of dilute urine. The other portion may power 
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non-osmoregulatory transport functions, such as organic 
acid secretion into the urine, and sugar and amino acid 
reabsorption from it. 

Although the antennal gland is denominated as the ex¬ 
cretory organ, the site of nitrogenous waste excretion is 
actually the gills. In decapods, the end product of pro¬ 
tein metabolism is mainly excreted as ammonia, with small 
amounts as amino acids, urea and uric acid (Regnault 1987). 
According to Chen &Kou (1996a), M. rosenbergii was found 
to excrete 70.2% of its total nitrogen at 32°C as ammonia- 
N, 25.6% as organic-N (mainly amino acids) and 4.2% as 
urea-N. 

The effects of environmental (temperature, salinity and 
pH), and physiological (moult cycle) factors on nitrogen ex¬ 
cretion have been described for M. rosenbergii (Armstrong 
et al. 1981; Stern & Cohen 1982; Stern et al. 1984; Chen 8c 
Kou 1996a,b; Schmitt & Uglow 1996), but are not discussed 
here. 

3.2.2.5 Reproductive system 

The internal reproductive structures of M. rosenbergii are 
located in the cephalothorax. 

In females, the paired ovaries are located dorsally either 
side of the proventriculus and dorsal to the digestive gland. 
They give rise to a pair of oviducts which extend towards, 
and open into, the gonopores on the basal segment of the 
third pereopods (Fig. 3.6) (Sandifer & Smith 1985). 

In males, they consist primarily of a pair of testes, which 
are fused and lie mid-dorsally in the cephalothorax, each 
giving rise to a vas deferens. The paired vasa deferentia are 
simple tubes that end in terminal ampullae, which con¬ 
tain the spermatophores and open at the gonopores on 
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Fig. 3.6 The internal reproductive organs of M. rosen¬ 
bergii. (Source: modified after Sandifer & Smith 1985.) 


the coxae of the fifth pereopods (Fig. 3.6). During mat¬ 
ing, the ampullae extrude the spermatophores, contain¬ 
ing the sperm mass (Sandifer 8t Smith 1985). On each 
of the vas deferens can be seen a distinct structure - the 
androgenic gland - and it is the presence of these two 
glands that determines the development of the male pri¬ 
mary and secondary sexual characteristics. The develop¬ 
ment of the androgenic gland depends directly on male 
genotype (Charniaux-Cotton & Payen 1985). This impor¬ 
tant role was first suggested by Charniaux-Cotton (1954) 
and demonstrated in M. rosenbergii by implantation and 
ablation experiments by Nagamine et al. (1980a,b). It has 
been used for sex reversal purposes (Sagi et al. 1990; Malecha 
et al. 1992; Aflalo et al. 2006) and studied in relation to de¬ 
velopment of morphotype (Okumura 8t Hara 2004); this 
topic has been dealt with in more detail in Chapter 16. 

3.2.2.6 Nervous system 

The crustacean nervous system consists of a large supra- 
oesophageal ganglionic mass (also referred to as the brain) 
and a ventral nerve cord with a pair of ganglia correspond¬ 
ing to each embryonic somite. The ganglia are joined longi¬ 
tudinally by connectives and transversely by commissures 
(Fig. 3.7a) (McLaughlin 1983). 


( a ) Supraesophageal 

ganglion (Brain) Ventral nerve 



Fig. 3.7 a Diagram of the nervous system of caridean 
prawns, b Diagram of the brain of M. novaehollandiae. 
(Source: modified from Sandeman et al. 1993.) 

Key: PT = protocerebral tract; OC = oesophageal con¬ 
nective; OL = olfactory lobe; AnN = antenna II neuropils; 
A||Nv = antenna II nerve root. 
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The crustacean brain consists of three areas (Sandeman 
et al. 1993). Firstly, there is the protocerebrum, which can 
be divided into the optic ganglia, which innervates the 
compound retina, and the lateral and medial protocere¬ 
brum. These areas also innervate the frontal organs, sinus 
gland and muscles of the head. Secondly, there is the deuto- 
cerebrum, which contains the neuropils associated with the 
antennules. The olfactory lobes receive the total input from 
the chemoreceptors on the antennules, and also contain the 
motorneurons that control their movements. Finally, there 
is the tritocerebrum, which contains the tegumentary neu¬ 
ropil that receives the nerve fibres from sensory cells from 
the carapace and the neuropils that receive the inputs from 
the antennae motor- and mechano-receptors. 

In the ventral nerve cord, the first ganglion (sub- 
oesophageal) and the remaining ganglia (from the thorax 
and abdomen) receive inputs from the sensory cells dis¬ 
persed in the body and supply nerves to the muscles of the 
mouth parts, pereopods, pleopods and tail fan. In addition, 
the stomatogastric ganglia supply nerves to the oesophagus 
and the foregut (Bliss 1990). 

Sandeman et al. (1993) surveyed the morphology of sev¬ 
eral decapod crustacean brains. They described the anatomy 
of the brain of M. novaehollandiae, which may be represen¬ 
tative for other carideans. It exhibits well-developed olfac¬ 
tory and antenna neuropils. The antennular neuropils are 
smaller and subdivided. The olfactory lobes are linked to 
neuropils in the eyestalks by a large tract (Fig. 3.7b). 

Another structure associated with the anterior part of 
the brain, is the organ of Bellonci, which in M. rosenbergii 
is located in the haemocoel in the distal part of the eye- 
stalk (Hallberg & Kauri 1992). From their investigations 
they suggest that this does not have a photoreceptor func¬ 
tion but probably has a sensory role of some sort, per¬ 
haps more than one since two types of sensory cilia were 
described. 


3.3 Reproduction 

3.3.1 Sexual dimorphism 

According to Nagamine & Knight (1980), M. rosenbergii 
can be sexually distinguished with the first appearance of 
gonopores in juveniles, at 5.9 mm (carapace length) for 
males and 7.6 mm for females. Male gonopores are situated 
at the base of the coxae of the fifth pereopods and are covered 
by flaps, while female gonopores appear as oval apertures 
on the coxae of the third pereopods and are covered with 
a membrane. New & Singholka (1985) illustrated the fact 
that the ventral side of the first abdominal somite in male 
M. rosenbergii has a central lump or point, which can be 
felt with the finger. This feature is absent in females. The 


presence of the appendix masculina can also be a useful 
diagnostic feature, as described in section 3.2.1.2. 

Mature females (Plate 2, facing p. 254) have proportion¬ 
ally smaller heads and claws than males (Sandifer & Smith 
1985). They exhibit a typical brood chamber, formed by the 
first, second and third abdominal pleurae; this characteris¬ 
tic does not exist in penaeid shrimps, as they never carry 
their eggs, but spawn them free in the water. Macrobrachium 
also exhibit reproductive setae on the pleopods and thorax, 
which are functionally distinct: the ovipositing setae, which 
are mostly permanent, on the coxae of the last three pairs of 
pereopods and pleopods guide the eggs during spawning, 
and the ovigerous setae, which only occur following a pre¬ 
spawning moult are used to secure the eggs to the pleopods 
for brooding (Nagamine & Knight 1980). According to New 
& Singholka (1985), female M. rosenbergii can lay between 
80 000 and 100 000 eggs in each spawning when fully ma¬ 
ture. However, their first broods are often not more than 
5000-20 000. Ovaries frequently ripen again while eggs are 
being carried in the brood chamber. On the basis of a study 
of 80 berried females Sureshkumar & Kurup (1998) found 
that fecundity was strongly correlated with total weight, 
total length, and carapace length and were able to predict 
fecundity of870 per gram of total body weight of the mother 
with similar predictions possible in relation to total length 
and carapace length (452 eggs/mm and 1625 eggs/mm, re¬ 
spectively). Male prawns, except small males (SM), are eas¬ 
ily recognised by longer and stronger chelipeds with larger 
spines than the females. Apart from these characteristics, 
and the presence of gonopores, males may also be recog¬ 
nised by the appendix masculina, a spinous process adjacent 
to the appendix interna on the endopod of the second pleo- 
pod (Sandifer & Smith 1985), as illustrated in Figure 3.2. 

Sexually mature populations of M. rosenbergii are com¬ 
posed of three distinct male morphotypes: blue claw (BC) 
males are relatively large and possess long blue claws, cov¬ 
ered with spines, with high claw to body length ratio. Orange 
claw (OC) males possess medium-sized, spineless and of¬ 
ten orange-coloured claws, with lower claw to body length 
ratio. SM possess short delicate claws, often with little pig¬ 
ment and translucent, with the lowest claw to body length 
ratio (Kuris et al 1987). The characteristics of the various 
male morphotypes, and their impact on the management 
of grow-out systems for M. rosenbergii, are fully discussed 
and illustrated in Chapter 16. 

3.3.2 Mating and spawning 

Freshwater prawns can reproduce either continuously or 
periodically, depending on their geographical distribution. 
In some regions (e.g. Malaysia) reproduction is possible 
throughout the year (Ling 1969) but in others, particularly 
monsoon regions, it is seasonal (George 1969). 



26 


Freshwater Prawns 


Mating behaviour has been discussed by several authors, 
including Ling (1969), George (1969), Sandifer & Smith 
(1985) and Valenti (1985, 1987). After ovarian matura¬ 
tion, M. rosenbergii females experience a moult, known as 
a pre-spawning or pre-mating moult, which usually occurs 
at night. After this moulting process occurs, courting and 
mating commence. Courting behaviour involves stroking, 
movements of the antennae and male chelipeds touching 
the female, and raising the body, which lasts a few min¬ 
utes until the female accepts the male. Mating is preceded 
by a cleaning act, in which the male holds the female and 
carefully cleans her ventral thoracic region. Following this 
behaviour, copulation begins; the male depositing a sperm 
mass into the pre-cleaned area of the female. The repro¬ 
ductive behaviour of freshwater prawns is also discussed in 
Chapter 16. 

Thomas (1998) identified six distinct stages in mating 
behaviour but more recent work using video recording has 
refined this to five (Al-Mohsen 2008). Previously, very little 
work had been conducted on female mating behaviour but 
these studies outline the characteristic mating response of 
a pre-copulatory Drach stage A (see p. 28) moulted female. 

• The female approaches the most dominant male BC while 
at the same time the BC male will only approach the 
newly moulted female. However, in communal tanks, 
the pairing would usually occur prior to the moult with 
the female seeking out the male. 

• Antennal contact is maintained at all times by sweeping 
movements between male and female at this stage. 

• The female either orientates herself to the front of the 
male and moves backwards until she is between his chelae 
or the male moves towards her from the rear to position 
her telson under his cephalothorax region. 

• The male mounts the female, and begins a rubbing action 
with his pleopods on the ventral lower cephalothorax and 
on the dorsal and sides of the abdominal segments of the 
female. The female appears to become torpid. 

• Using the chelate pereopods the male begins to turn the 
female body over. Once she has been turned on to her 
dorsal side her chelae are stretched out in front and she 
remains torpid. In this position the reproductive organs 
are aligned. 

Once mating has occurred, the male moves off the fe¬ 
male, who recovers and reverts to normal behaviour. When 
observed and recorded under laboratory conditions, the 
entire process of copulation lasts 2 to 3 minutes without 
disturbance. The fact that the female is rotated in this man¬ 
ner may be the reason why the female chooses the largest BC 
male. In this position she is vulnerable, and the BC male will 
defend her aggressively from other males. The rubbing and 
cleaning behaviour may play a role in creating the trance¬ 


like torpor observed in the female. According to R. Smullen 
(pers. comm. 1999), it has been demonstrated in Panulirus 
cygnus in Western Australia that scratching the region be¬ 
tween the cephalothorax and the abdomen results in the 
crayfish becoming torpid. In this state, it can be positioned 
ventral side up for between 2 and 3 minutes. However, when 
placed in its normal position, the crayfish reverts to normal 
behaviour. It is possible that the similar action by the male 
Macrobrachium , described above, induces torpor in the fe¬ 
male. However, this needs further investigation, as it is quite 
possible that this behaviour may be an attempt by the male 
to remove the spermatophore of a previous partner. 

It had been previously believed that male M. rosenbergii 
are attracted to females when their ovaries are in a late ma¬ 
turing stage. Thomas (1998) demonstrated that this is not 
the case. Newly moulted stage IV females (Drach moult 
stage A) are very strongly attracted to BC males. Under ex¬ 
perimentation, when BC males are enclosed in a perforated 
box, the attraction time of a female to a BC male is totally 
dependent on ovarian stage, with the stage described above 
demonstrating the most rapid pairing. Attraction time de¬ 
creases in descending order from premoult ovarian stages 
IV to I, the latter being attracted least to the BC males. Re¬ 
cent work has shown that females will show attraction to BC 
males most strongly but will also respond to SM males but 
not to OC males (Al-Mohsen 2008) When the attraction 
experiments were reversed, i.e. males were free to move 
and could approach enclosed females, only the SM were 
attracted to the females, again with attraction times corre¬ 
sponding to the ovarian stages, i.e. soft postmoult females 
were the most strongly attractive to the SM. This would cor¬ 
respond to the normal observed behaviour of the SM, which 
attempts sneak copulation with females that are guarded as 
part of a BC harem. This study also demonstrated fight¬ 
ing behaviour between BC males in the presence of newly 
moulted females. If females of differing ovarian stages were 
placed in an opaque perforated box, the BC males would 
fight only in the presence of a late stage IV female or a 
newly moulted mature female. This topic needs further in¬ 
vestigation because the BC males could be separated into 
two categories: some fight all the time, while others fight 
only in the presence of females. These studies indicated that 
pheromones play a major role in attraction, both between 
the sexes and the different morphotypes. Further work on 
this subject is clearly necessary, since the identification of 
male and female pheromones could play a major role in 
improving the aquaculture and husbandry of this species. 

M. rosenbergii, like other decapods, has aflagellate and 
non-motile spermatozoa (Felgenhauer & Abele 1991), 
which are enclosed in packets called spermatophores 
formed by a secretion of the male accessory sex glands. 
These are rich in glycoprotein and acid mucopolysaccha¬ 
rides (Dougherty et al. 1986), which may keep the delicate 
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Fig. 3.8 Internal eyestalk structures 
in M. acanthurus. (Source: adapted 
from Correa et at. 1996b, with per¬ 
mission of the Brazilian Journal of 
Biology.) 


spermatozoa viable until fertilisation (Subramoniam 1991). 
Within a few hours after copulation, spawning is initiated 
through the gonopores into the brood chamber, guided by 
the ovipositing setae; hence fertilisation occurs externally. 
The eggs remain adhered to the female ovigerous setae dur¬ 
ing the whole embryonic development, which lasts around 
3 weeks (depending on temperature). Finally, hatching oc¬ 
curs and the embryos hatch into free-swimming zoeae. In 
contrast, penaeid shrimps, once spawned and fertilised, re¬ 
lease their eggs into the environment where they hatch. 
The embryonic development of penaeids is shorter than 
carideans, and the eggs hatch into nauplii. 

At spawning, the eggs of M. rosenbergii have low wa¬ 
ter (55%) and ash (0.9% DW [dry weight]) contents, and 
the remainder is a protein-rich yolk (31.1 pg protein and 
14.4 pg lipid); together, the protein and lipid contents oc¬ 
cupy virtually all of the organic content of the egg (Clarke 
et al. 1990). According to these authors, both lipids and 
proteins are utilised in the developmental processes, but 
the former provide the greater proportion of energy (0.21 J 
from lipids as compared to 0.12 J from protein, between the 
fifth day of development and the last day before hatching). 
During this period the developing embryo utilises 4.8 pg 
protein and 5.3 pg lipid. After hatching, the first zoeal stage 
larvae have enough energy to go through their first moult 
without feeding. 

3.3.3 Physiology 

Endocrine control of reproduction in crustaceans is a very 
complex process, which has been extensively reviewed by 
Adiyodi & Adiyodi (1974), Adiyodi (1985), Fingerman 
(1987), Huberman (2000) and Chang et al. (2001). It re¬ 
mains an active area of research that cannot be fully covered 
in this chapter but is essentially summarised as follows. 

The X organ-sinus gland (XOSG) complex, located in 
the eyestalks, contains two distinct hormones that inhibit 
moulting (MIH) and gonadal development (GIH). Another 


neurohormone, found in the brain and thoracic ganglia, is 
the gonad-stimulating hormone (GSH). When MIH and 
GSH levels in the haemolymph are low, and the levels of 
GIH and the moult hormone (MH) secreted by the Y organs 
are high, moulting is induced. Low titres of GIH start the 
vitellogenic and spermatogenic processes. 

The ganglionic XOSG complex is the major site of neu¬ 
roendocrine control in crustaceans, and is involved with 
several physiological processes, such as moulting, growth, 
sexual maturation and the regulation of metabolism (Adiy¬ 
odi 1985). The nerve fibres from the ganglionic X organ 
run to the sinus gland, a neurohaemal organ that stores 
and releases the neurohormones. The ganglionic X organ 
morphology and the neurosecretory system of freshwater 
prawns were investigated by Correa et al. (1996b). Accord¬ 
ing to these authors, the eyestalk of M. acanthurus follows 
the typical standard found in the majority of the decapods, 
i.e. the nervous tissue is concentrated into three lobes: the 
most proximal is the medulla terminalis (a brain centre) 
that is connected with the protocerebrum by the optic lobe 
peduncle (Fig. 3.8). The other two lobes, the medulla in¬ 
terna and externa, are optic centres. The medulla externa 
is connected with the lamina ganglionaris, the neuropil ly¬ 
ing immediately behind the retina. Eight cellular groups 
were identified around the neuropil of the medulla externa, 
interna and terminalis. Correa et al. (1996a) identified five 
different types of neurosecretory terminal axons in the neu¬ 
rohaemal organ, the sinus gland, of M. acanthurus. They 
suggested that the neurosecretory granules might be re¬ 
leased mainly by exocytosis. 

The ovarian development of M. rosenbergii can be clas¬ 
sified into five stages by external observation through the 
carapace, based on their size and colour (Chang & Shih 
1995). Such stages reflect vitellogenesis, i.e. egg yolk pro¬ 
duction and accumulation. In stage I, the ovaries are white, 
corresponding to pre-vitellogenesis; in stage II a small yel¬ 
low mass of ovarian tissue can be observed dorsally in the 
carapace, near the epigastric tooth, consisting of pre- and 
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vitellogenic oocytes; in stages III—IV, the ovaries are orange, 
corresponding to vitellogenesis; and stage V is characterised 
by reddish ovaries, extending from behind the eyes up to the 
first abdominal segment. At this time, the ovaries are com¬ 
posed ofyolk globules fully occupying the oocytes. After the 
ovaries reach stage V, the females are ready to moult and 
spawn. This classification has been validated by histological 
studies through the ovarian cycle by Martins et al. (2007), 
allowing confidence in this non-invasive technique for clas¬ 
sification. Likewise, Meeratana & Sobhan (2007) classified 
the stages of differentiation of oocytes histologically and de¬ 
scribed five stages of ovarian development that fitted with 
the externally visible signs. The description of the ovarian 
stages of M. rosenbergii is similar to that described for 
M. acanthurus by Carvalho & Pereira (1981). 

Sagi et al. (1995) suggested that an extra-ovarian source 
of vitellogenin existed in M. rosenbergii. Oogenesis occurs 
continuously, the ovary redeveloping even when the females 
are ‘berried’. Induction of spawning, in order to achieve the 
synchrony which would be beneficial in hatcheries, has been 
achieved by Zhao et al. (1995). These workers dropped 
40 pi of 1% juvenile hormone analogue-ZR515 on each 
prawn body surface. The hormone permeated through the 
integument to stimulate maturation and spawning. After 
16 to 17 days, the spawning rate reached 41.8%, which was 
over 50% higher than routine. Large amounts of high po¬ 
larity immunoreactive products (HPP) accumulate in the 
ovaries and eggs of M. rosenbergii during vitellogenesis and 
embryogenesis (Wilder & Aida 1995). These workers also 
found that methyl farnesoate (MF) was present but, al¬ 
though its level fluctuated during the moult cycle (Wilder 
et al. 1995), were uncertain whether it is involved in re¬ 
production. This topic was reviewed by Wilder (1998). Ev¬ 
idence does now point to MF having a role not only in 
crustacean reproduction (Laufer et al. (1993) but also with 
ecdysteroids in morphogenesis (Laufer & Biggers 2001). 

Okumura 8t Aida (2001) showed during bilateral eyestalk 
ablation in M. rosenbergii that in the absence of hormones 
produced by the eyestalk the moult cycle continued and 
the link between vitellogenesis and the moult cycle was 
maintained. Martins et al. (2007) looked for vertebrate¬ 
like steroids in M. rosenbergii but could only point to their 
having a possible role in endocrine regulation of the ovarian 
cycle. 

Like moulting, the reproductive processes require signif¬ 
icant energy mobilisation. Sensory neurons send informa¬ 
tion to the endocrine systems in the form of neurosecretory 
hormones. The XOSG complex plays a central role in the 
regulation of metabolism. The hyperglycaemic hormone 
(HGH), more recently referred to as the crustacean hyper¬ 
glycaemic hormone (CHH) (Chang 1992), is synthesised 
and released from the XOSG and is primarily concerned 
with carbohydrate metabolism. Lin et al. (1998) showed 


that an injection of XOSG extract evoked a hyperglycaemic 
response which peaked in 1 hour. Hyperglycaemia is a 
characteristic response to cold shock in M. rosenbergii, but 
CHH may not be the only factor (Kuo & Yang 1999); nore¬ 
pinephrine and/or octapamine may also be involved. 


3.4 Ecdysis and growth 

Since crustaceans have an external exoskeleton they can 
only increase in size by shedding this and growing a new 
exoskeleton which they can expand to a larger size. The ac¬ 
tual shedding of the old exoskeleton or exuviae is known as 
ecdysis (moulting) but this is only the visible sign of what is 
a more or less continuous process in the life of crustaceans - 
the moult cycle. 

The decapod moult cycle can be divided into stages 
and substages originally classified by Drach (1939). Drach 
used 4 stages, beginning at A (immediately after ecdysis) 
and continuing to D (immediately preceding the moult), 
based on the hardness of the exoskeleton in specific re¬ 
gions of the crustaceans he studied. In order to understand 
the changes fully it is necessary to understand the basics 
of the structure of the exoskeleton or cuticle. The descrip¬ 
tion given here draws substantially from Stevenson (1985) 
and Skinner (1985). The changes through the moult cy¬ 
cle can be seen in changes in the cuticle itself. The cuticle 
has an outer layer, the epicuticle, composed of protein, 
lipids and calcium salts. This layer contains no chitin but 
the main layer below this, the procuticle, is largely made 
up of chitin. Chitin is a polymer of N-acetyl-glucosamine 
and glucosamine. It is a highly resistant polymer but can 
be converted to chitosan if treated with strong alkali at 
a high temperature (Stevenson 1985). The procuticle can 
be divided into two layers, one being formed in prepara¬ 
tion for the next moult, the pre-ecdysial procuticle, and 
the other layer underneath this, the postecdysial procuticle 
which is formed after the moult. The postecdysial layer con¬ 
sists of a principal layer which is essentially the same as the 
pre-ecdysial procuticle and a further underlying layer, the 
membraneous layer which is always free of calcium salts. 
The procuticle also contains protein and calcium salts, the 
proportion of which will relate to the degree of hardness 
of the exoskeleton at that point (e.g. for the chelipeds there 
will be very high levels of calcium salts amongst the chitin 
chains, while in the underside of the abdomen these spaces 
will be filled with protein to maintain maximum flexibility 
and little or no calcium for hardness) (Fig. 3.9). 

While Drach (1939) took the stages from immediately 
after the moult to the moment prior to the next moult, it is 
easier to understand the process if the starting point is taken 
as the intermoult (Drach stage C4). As the animal prepares 
to moult, the first visible sign of this is that the epidermis. 
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Fig. 3.9 Diagram illustrating the gen¬ 
eralised structure of the crustacean 
cuticle (Reproduced from Stevenson 
1985, copyright 1985 with permission 
of Elsevier.) 


which forms the new cuticle, splits from the cuticle that is to 
be shed in a process known as apolysis. The membraneous 
layer of the cuticle is digested as the epidermis produces 
a moulting fluid containing enzymes or proenzymes. This 
is the start of premoult (Proecdysis; Drach stage D). The 
epidermal cells enlarge and start to produce the new epicu- 
ticle and pre-ecdysial procuticle. Material is resorbed from 
the old exoskeleton and because pigments (astaxanthin) are 
resorbed at the same time the colour of the blood reflects 
this change, becoming markedly pink. Calcium is resorbed 
and stored in the digestive gland and gastroliths on the 
proventriculus walls. Immediately prior to ecdysis the an¬ 
imal does not eat. At ecdysis the exoskeleton splits on the 
dorsal surface and the animal struggles out, dorsal surface 
first. 

Immediately after the moult, the animal is effectively 
unable to move. In stage A Peebles (1977) describes how 
the chelae droop if the animal is held out of water. How¬ 
ever, rapid uptake of water provides hydrostatic pressure 
that gives some rigidity to the limbs, so movement is possi¬ 
ble even while the exoskeleton remains soft and malleable 
(Taylor & Kier 2003). 

In this stage of post moult (Metecdysis; Drach A-C 3 ) the 
uptake of water allows the animal to increase in size and 
the epidermis produces the postecdysial procuticle; both 


layers of the procuticle are calcified at this stage. Further 
economy of material is shown by the animal normally eating 
its exuviae (the cast off exoskeleton). The membraneous 
layer of the postecdysial procuticle is formed and this marks 
the start of the intermoult period (Drach C4). 

A technique for identifying each stage and sub-stage of 
the cycle in live M. rosenbergii adults was devised by Peebles 
(1977) based on the hardness ofthe exoskeleton for the fun¬ 
damental distinction between postmoult, intermoult and 
premoult and for distinguishing the intermediate stages by 
examination of the setal development within the antennal 
scale or, for some specific stages, of the pleopod tip. 

It is important to consider the moult cycle as a contin¬ 
uous process. In some reptantian Crustacea the intermoult 
period can last for a considerable period of time, consti¬ 
tuting a very significant part of the moult cycle; however, 
in mature M. rosenbergii the intermoult period is relatively 
short (29-79 days) (Peebles 1977)) and this is the stage 
where the animal must build reserves of glycogen and lipid. 
Moulting is of considerable metabolic cost to the individual 
crustacean. Amongst the less obvious costs is the necessity 
for the muscles of the chelipeds to atrophy in order for the 
legs to be extricated from the old exoskeleton. Thus, while 
knowing the stages of the moult cycle of individuals un¬ 
der farming conditions is not feasible, it can be useful for 
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breeding programmes to know when a female will be ready 
for mating. It is also essential during any experimental treat¬ 
ments to ensure that results obtained are not being affected 
by the stage of the moult cycle the experimental animals 
are in. In experiments with PL or juveniles it is possible to 
quickly record what stage each animal is in, even if only 
on the basis of pre- or post-moult. For example, in the 
trials of tagging PL, Brown et al. (2003b) recorded moult 
stages to check if this affected mortality or the outcome 
of the tagging itself, while Taylor et al. (2002) showed that 
the metabolic rate as measured by the ROC was highest in 
postlarval prawns during the premoult, as had already been 
shown in other crustaceans. 

More specific changes in the biochemistry and physiol¬ 
ogy of various tissues occur during the crustacean moult cy¬ 
cle, and have been reviewed by Chang (1995). Some specific 
aspects for M. rosenbergii follow. In the premoult stage, ionic 
changes occur in different body compartments. Calcium, 
which is transferred from the old exoskeleton to the extra¬ 
cellular fluid, is excreted or carried to the digestive gland for 
storage. As a consequence, an increase in the concentration 
of calcium in the digestive gland and haemolymph is ob¬ 
served, rather than a decline in the ion concentration of the 
whole body (Fieber & Lutz 1982). In the early postmoult 
stage, exoskeleton calcium increases while calcium levels 
in the extracellular fluid and digestive gland are depleted. 
Such changes during the moult cycle reflect the importance 
of calcium in the exoskeleton (Fieber & Lutz 1984). 

Changes in net water transport in M. rosenbergii perfused 
midgut during the moulting cycle were demonstrated by 
Mykles & Ahearn (1978). The water flux rates were elevated 
in animals approaching ecdysis and much reduced in the 
postmoult stage. According to these authors, the midgut 
may be the major site of water absorption at ecdysis. 

Ecdysis and growth in crustaceans are affected by several 
extrinsic factors, such as temperature, photoperiod, water 
alkalinity, food availability and others (for a detailed review, 
see Chang 1995; Flartnoll 2001). Reproductive moulting in 
M. rosenbergii is enhanced in 12L:12D, 32°C conditions 
(Justo et al. 1991). Prawns held in high alkalinity water 
moult more frequently, but no enhancement of growth rate 
is observed (Latif 1992 apud Latif et al. 1994). PL and juve¬ 
niles show optimum growth in the temperature range 29 to 
31°C (Dfaz-Herrera & Biickle-Ramirez 1993; Dfaz-Herrera 
et al. 1993a) and growth rate is reduced with increasing 
salinity (from 0 to 20p.p.t.) (Diaz-Herrera et al. 1993b). 

The moult cycle is under hormonal control (as reviewed 
by Skinner 1985; Fingerman 1987; Hopkins 1992; Lachaise 
et al. 1993; Chang 1995; Hartnoll 2001). In brief, a moult- 
inhibiting hormone (MIH) is secreted in the ganglionic 
X organ and transported to the sinus gland for storage 
and release. Moult-inhibiting hormone acts upon an ep¬ 
ithelial endocrine gland localised in the maxillary segment, 


which is called the Y organ; this secretes ecdysteroids syn¬ 
thesised from dietary cholesterol. Evidence supports the hy¬ 
pothesis that 20-hydroxyecdysone is the moulting hormone 
(Huberman 2000). Wilder & Aida (1995) reported that 
an ecdysteroid ‘surge’ occurs in the late premoult stage; 
the predominant ecdysteroid was observed to be 20- 
hydroxyecdysone, followed by high polarity immunoreac- 
tive products (HPP). Spaziani et al. (1997) found that MIH 
released from the eyestalk occurs by means of an ecdysteroid 
feedback mechanism. The Y organ is negatively regulated, 
i.e. when the output of MIH by the XOSG complex is re¬ 
duced, then the moulting hormone is secreted in greater 
abundance, and moulting events start. 

In addition to the inhibitory regulation of the crustacean 
Y organ, there is evidence for the presence of a stimulatory 
factor. This factor, methyl farnesoate (MF), which is the 
equivalent of the insect juvenile hormone, is synthesised 
and secreted in the mandibular organ and has already been 
identified in M. rosenbergii (Sagi et al. 1991). However, its 
involvement in the moulting of this species remains unclear 
(Wilder & Aida 1995; Wilder et al. 1995). There are diffi¬ 
culties in administering MF in experimental work, since it 
is hydrophobic. These have been overcome by Abdu et al. 
(1998a), who showed that this hormone could be intro¬ 
duced into M. rosenbergii larvae through a vector, Artemia, 
which had been cultured in a lipid medium enriched with 
MF. These authors found that the administration of MF 
retarded larval growth (carapace length) and the stage- 
specific morphological features between larval stages V and 
IX. Furthermore, Abdu at al. (1998b) found that MF sig¬ 
nificantly affected the patterns of metamorphosis and the 
appearance of intermediate individuals that exhibit both 
larval and postlarval morphology and behaviour. The rela¬ 
tive abundance of these intermediate forms increased from 
2% in the control to 32% when the MF concentration was 
high, suggesting that this hormone has a juvenoid effect. 

The complexity of the crustacean endocrine system is 
such that it cannot be said to be fully elucidated yet. The 
changes in the physiology just occasioned by the process 
of moulting require control of a large number of factors; 
knowledge on these control systems is slowly growing. A 
further hormone, crustacean hyperglycaemic hormone de¬ 
scribed in the sinus gland (Huberman 2000) has also been 
shown to have a role in the water uptake necessary to in¬ 
crease the animal’s size at ecdysis when produced from en¬ 
docrine cells of the foregut and hindgut in Carcinus tnaenas 
(Chung et al. 1999). 

Generally, Macrobrachium males grow larger than fe¬ 
males (Holthuis 1980), except for M. ohione (Truesdale & 
Mermilliod 1979). Bertalanffy mathematical models have 
been used to describe the growth rate of several species 
(Guest 1979; Bond & Buckup 1983; Valenti et al. 1987, 
1994; Kurup et al. 1992). These equations suggest that the 
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life span of small species (e.g. M. borelli and M. acanthurus) 
is about 2 years. M. rosenbergii can reach at least 3 years, 
while in M. carcinus the life span varies from 6 to 8 years. 

Kurup et al. (1992) observed that M. rosenbergii males 
and females can reach 330 mm and 290 mm, respectively, 
somewhat larger than observed by Holthuis (see section 
3.2.1.1). Generally, female growth in decapod crustaceans 
is retarded after they reach maturity, due to the fact that 
part of their energy is diverted to egg production and incu¬ 
bation (Hartnoll 1982). According to Ra’anan et al. (1991), 
the growth rate of immature females is relatively high, ini¬ 
tially exponential, but after sexual maturation this rate re¬ 
duces considerably. Thus, size variation decreases with time, 
an initial highly variable female size distribution being re¬ 
placed by a relatively normal distribution, with a mean 
value above the size threshold (~18-26g) for maturation. 
Male growth exhibits a very complex model which is fully 
discussed in Chapter 16. Growth rate and its consequences 
for M. rosenbergii production in ponds are discussed in 
Chapter 9. 


3.5 Autotomy and regeneration 

Autotomy refers to the process by which animals shed a 
part of their body, either as a result of damage or as a 
voluntary (spontaneous) act. It involves breaking part of 
the skeleton, whether internal or external, as described in 
detail by McVean (1982). In decapod Crustacea there is a 
specific fracture plane for each appendage that can be au- 
totomised. The process of autotomy occurs at the base of 
the ischial joint with the involvement of the levator mus¬ 
cles which, through their acute contraction, allows the pre¬ 
formed breakage plane to separate. 

In M. rosenbergii, the most frequently autotomised ap¬ 
pendages are the second pereopods (chelipeds). As dis¬ 
cussed earlier, the length of the male chelipeds is one of the 
characteristics of dominance within a population. When the 
male chelae reach a critical length in relation to the body 
length, the male voluntarily sheds both chelae at moult, 
and with the following moult a cycle of chelae regeneration 
starts. According to Schmalbach et al. (1984), the critical 
point above which autotomy can take place is a body length 
to chelae length ratio of 1:2.8. These authors suggested that 
this autotomic behaviour could be of great advantage as it 
leads to a succession of dominant males and that this rota¬ 
tion would increase the genetic variability within a specific 
population. It could however be simply a function of the 
difficulties of moulting such extreme chelae. 

Following autotomy, epidermal cells located on the pe¬ 
riphery of the resulting stump enlarge and migrate. After 
several weeks, a papilla is formed as a result of a blastema 
erupting through the scab. The regenerated appendage is 


enclosed within a protective sheath which is released at 
ecdysis (Skinner 1985). 

There is a close relationship between regeneration and 
moulting, so that regeneration only occurs during the 
proecdysial period. Thus an animal missing a single limb 
does not form the new one until it passes through the next 
moult cycle. However, the onset of preparations for moult¬ 
ing and intensive regeneration may occur much sooner in 
animals missing a large number of appendages (Skinner 
1985). 

The occurrence of antennule regeneration replacing the 
eyestalk (known as heteromorphosis) has been reported 
in cultured M. rosenbergii (Nevin & Malecha 1991). They 
may be functionally similar to normal antennules and may 
respond to mechanical and olfactory stimulation. This 
hypothesis is corroborated by Mellon et al. (1989) who 
demonstrated that the sensory axons of heteromorphic 
crayfish antennules are connected with the olfactory lobe 
of the brain. 


3.6 Osmo-ionic regulation 

M. rosenbergii inhabits both freshwater and brackishwater 
environments during its life cycle. Therefore, each larval 
developmental stage, in addition to juveniles and adults, 
must be able to face the problems related to a hypo-osmotic 
medium, i.e. control of the volume of the haemolymph, 
prevention of ion loss and compensatory uptake of ions 
from the medium. 

Although knowledge about larval osmoregulatory capa¬ 
bility of this species is of great importance, there is a gen¬ 
eral lack of information on this topic. In a recent review, 
Charmantier (1998) summarised different types of the on¬ 
togeny of osmoregulation in crustaceans and noted that in 
decapod larvae, only a few species exhibited the same adult 
ability to osmoregulate, immediately after hatching. Like 
M. rosenbergii, M. petersi also migrates to estuaries to spawn 
and exhibits this pattern, since first-stage larvae are able to 
hyper/hypo-osmoregulate (Read 1984). According to this 
author, there is a relationship between the osmoregulatory 
capability of the developmental stages and their field distri¬ 
bution. The first zoeal stage of M. petersi is found both in 
freshwater and brackishwater, and has a strong ability to os¬ 
moregulate. From the second stage onwards, the larvae lose 
the ability to osmoregulate in freshwater and thus are con¬ 
fined to estuaries. The ability to osmoregulate is recovered 
when larvae reach metamorphosis. 

The first zoeal stage of M. rosenbergii is able to survive 
for a few days in freshwater, suggesting that these larvae 
also display a strong ability to osmoregulate. Evidence for 
a progressive adaptation to freshwater during the ontogeny 
of M. rosenbergii is indicated by a decrease in the slope 
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of the osmoregulation curves and a decrease in the isos- 
motic value (Harrison et al. 1981). Further evidence of such 
adaptation was demonstrated by Agard (1999), who found 
that the larvae of M. rosenbergii show a tendency to increase 
the rate of ammonia excretion as salinity decreases, un¬ 
der experimental conditions. Sandifer et al. (1975) showed 
that early PL are able to hypo/hyper-regulate the osmotic 
pressure of their haemolymph, in a wide range of salinity. 
However, the hyporegulatory ability is lost during the de¬ 
velopment to adulthood (Castille & Lawrence 1981; Stern 
et al. 1987; Funge-Smith et al. 1995). In fact, such loss can 
be an adaptive advantage, since the juveniles migrate to the 
adult habitat, i.e. to a freshwater environment. The differ¬ 
ence in the patterns mentioned above suggests changes in 
the ontogeny of osmoregulatory capacity in M. rosenbergii, 
as reported by Read (1984) for M. petersi. 

M. rosenbergii is also an effective regulator of the ma¬ 
jor ions, when exposed to a wide salinity range (Stern 
et al. 1987; Funge-Smith et al. 1995; Wilder et al. 1998). 
Haemolymph sodium and chloride concentrations are 
hyper-regulated in salinities below the iso-ionic point (0- 
15 p.p.t.), and in salinities above the iso-ionic point the 
concentration of both ions follows that of the medium. 
Calcium and potassium ions are hyper-regulated at all salin¬ 
ities, whereas magnesium ions are always maintained at a 
lower concentration than that of the medium. This species 
can also regulate oligo-elements, such as bromide and stron¬ 
tium (Funge-Smith etal. 1995). The haemolymph bromide 
concentration was hyper-regulated from freshwater up to 
the iso-ionic point, whereas strontium was hyper-regulated 
up to 18 p.p.t. In higher salinities, bromide levels followed 
those of the medium, whereas strontium was maintained 
hypo-ionic. These data suggest that both ions may have a 
physiological role in this species. 

Examining the crystalline structure and ionic composi¬ 
tion of the cuticle, Wilder et al. 1998) found that it was 
comprised principally of an a-chitin-like material, and cal- 
cite (calcium carbonate). Calcite accounted for 25% of total 
bulk weight in freshwater, while total sodium, potassium 
and magnesium compounds comprised less than 2.5% of 
this total. Although contents of these three ions increased 
nearly two-fold in response to changing salinity, calcium 
levels remained relatively constant. Wilder etal. (1998) con¬ 
sidered that this may signify a possible role in preventing 
excessive titres from arising in the haemolymph under ini¬ 
tial exposure to high salinity. However, these authors pos¬ 
tulated that the cuticle might also serve as a reserve for 
maintaining calcium levels in the haemolymph. 

The production of hypotonic urine, with respect to 
blood, is one of the important mechanisms that allow the 
achievement of high blood ion concentration in dilute me¬ 
dia. According to Stern et al. (1987), M. rosenbergii may 
produce hypo-osmotic urine when exposed to freshwater, 


whereas in brackishwater they may produce iso-osmotic 
urine. 

The isosmotic point of several Macrobrachium species is 
also directly related to species biotopes. Thus, species found 
in freshwater and brackishwater environments show higher 
values of their isosmotic points when compared to species 
found exclusively in freshwater (Moreira et al. 1983). The 
isosmotic point of M. rosenbergii adults is about 440 mOsm 
(Singh 1980); this low value, correlated with its pattern of 
osmoregulation, follows a trait shown by truly freshwater 
crustaceans (Mantel & Farmer 1983). 

The osmotic and ionic concentration maintenance pro¬ 
cesses in freshwater crustacean haemolymph, through 
mechanisms of ion uptake and re-absorption, are regu¬ 
lated by neuroendocrine factors. In hyper-regulating crabs, 
a water-soluble factor found in the thoracic ganglion de¬ 
creases water influx, while an acetone-soluble factor in¬ 
creases water influx. Dopamine, found in the pericardial 
organ, and cyclic AMP (adenosine 3',5'-cyclic monophos¬ 
phate) increase sodium uptake in the gills (Kamemoto 1991; 
Pequeux 1995). A series of studies carried out on the prawn 
M. olfersii corroborate the evidence for hormonal control 
of salt transfer and water permeability. 

McNamara et al. (1990) demonstrated that eyestalk ab¬ 
lation affects haemolymph Na concentrations during acute 
salinity exposure and suggested that the influx of sodium 
into the haemolymph, through the Na/K-ATPases located 
in the gill of M. olfersii, is at least partially modulated by 
a factor located in the eyestalks (or released from them). 
McNamara et al. (1991) suggested that neurofactors lo¬ 
cated within the thoracic ganglion may alter the apparent 
ionic permeabilities of this freshwater prawn. 

Santos & McNamara (1996) proposed a model of os¬ 
moregulation for M. olfersii facing a freshwater environ¬ 
ment. The animal hyper-regulates the osmolality and ionic 
concentrations of its haemolymph primarily through ac¬ 
tive salt uptake by means of Na/K-ATPases located in the 
gills and salt re-absorption from the urine by the antennal 
glands. Passive water entry is restricted by low osmotic per¬ 
meability and water gained osmotically is excreted by the 
antennal glands by means of dilute urine. 


3.7 Larval development 

The eggs of M. rosenbergii are slightly elliptical, with a long 
axis of 0.6-0.7 mm, and are bright orange in colour un¬ 
til 2 or 3 days before hatching, when they become grey- 
black (Ling 1969). The larvae hatch as zoeae (Plate 1, facing 
p. 254), i.e. they typically utilise their thoracic appendages 
to swim, differing from penaeid shrimp which hatch as 
nauplii that are morphologically less developed and use 
their cephalic appendages to swim. First-stage zoeae are just 
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under 2 mm long, from the tip of the rostrum to the tip of 
the telson. The zoeae are strictly planktonic, swimming 
upside-down within the water column and exhibiting pos¬ 
itive phototaxy. Larvae, as well as adults, are omnivorous, 
mainly eating zooplankton but, in the absence of living 
food, they are able to feed on small particles of organic 
material (Ling 1969). 

The larval development of M. rosenbergii is metamor- 
phic and typically prolonged with several instars. Variabil¬ 
ity in the number of larval stages has been observed for 
several decapods, including some palaemonids (Knowlton 
1974; Ngoc-Ho 1976; Gore 1985). This irregular develop¬ 
ment was divided into different categories by Gore (1985). 
M. rosenbergii seems to exhibit ‘delayed development’, with 
‘mark-time moulting’ and/or ‘terminally additive staging’. 
In mark-time moulting the zoeal stage moults but only a 
small change in morphology occurs, with a slight increase 
in size. These zoeae, after a period of time, either die or 
enter a normal moulting mode and therefore complete the 
developmental process. Uno & Kwon (1969) reported that 
from zoea VI onwards a considerable variation in larval 
body length occurs even within the same instar, this phe¬ 
nomenon becoming more evident in the later stages. Other 
palaemonids (Palaemonetes spp. and Macrobrachium spp.) 


also exhibit this type of irregular moult (Ngoc-Ho 1976). 
Terminally additive staging is similar to mark-time moult¬ 
ing; however, the supernumerary stages only occur at the 
end of a normal development sequence, resulting in similar 
individuals, differing mainly in size. According to Sandifer 
& Smith (1979), irregular development may confer advan¬ 
tages to species that live in changing environments, such 
as estuarine areas. This variation in the planktonic phase 
of M. rosenbergii may help to ensure larval dispersal, thus 
enhancing the chances of survival. 

As a consequence of this variability, studies on M. rosen- 
bergii larval development also exhibit different results. Ling 
(1969) observed 11 moults until the larvae attained meta¬ 
morphosis, but only 8 of them displayed morphologically 
distinct stages, while Uno 8t Kwon (1969) reported 11 mor¬ 
phologically distinct zoeal stages. From hatching to the fifth 
zoeal stage, each moult produces a distinct larval stage, but 
from the sixth stage onwards the development becomes 
irregular. The same occurs with M. equidens and another 
Macrobrachium sp. (Ngoc-Ho 1976). Both descriptions re¬ 
ported for M. rosenbergii coincide for the first to fifth zoeal 
stages, but the sixth, seventh and eighth stages in the de¬ 
scription of Ling (1969) resemble the sixth-seventh, eighth- 
ninth and tenth-eleventh, respectively of Uno & Kwon 


Table 3.1 Selected characteristics of M. rosenbergii larvae and postlarvae. (Modified after Uno & Kwon 1969; see 
also Plate 1, facing p. 254) 


Characteristics 


Antennal 


Stages 

Eyes 

Rostrum 

flagellum 

Uropod 

Telson 

Pleopods 

1 

Sessile 






11 

Stalked 






III 

IV 


1 dorsal tooth 

2 dorsal teeth 


First appearance 

Biramous with 

setae 



V 



2 or 3 segments 


More elongated 
and narrower 


VI 



4 segments 


More narrow 

First 

appearance of 
buds 

VII 



5 segments 



Biramous and 
bare 

VIII 



~7 segments 



Biramous with 

setae 

IX 



~9 segments 



Endopods with 

appendices 

internae 

X 


3 or 4 more 
dorsal teeth 

~12 segments 




XI 


Many dorsal 
teeth 

~15 segments 




Postlarvae 


Rostrum with dorsal and ventral teeth; behaviour predominantly benthonic, as in adults 


Pereopods 


Fully chelated 
(1st & 2nd) 
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(1969). Table 3.1 shows a simplified characterisation for 
each of the 11 zoeal stages of M. rosenbergii described by 
the latter authors. Gomez Diaz & Kasahara (1987) described 
18 distinct morphological stages of M. rosenbergii develop¬ 
ment, some of which lasted less than 24 hours and would not 
have been observed had the larvae not been reared individ¬ 
ually and observed 5 times per day. Newly metamorphosed 
PL are about 7 mm long and are generally translucent, with 
a light orange-pink head portion. 

Evidence suggests MIH is secreted by neural tissue in the 
larval eyestalk of decapods, as well as in adults (Webster & 
Dircksen 1991; Knowlton 1994). The larval moulting pro¬ 
cess also exhibits a cyclical Y organ activity and the pro¬ 
duction of ecdysteroids. |3-Ecdysone titres increase rapidly 
during early premoult, reaching a peak at late premoult, 
and then dropping prior to ecdysis (McConaugha 1980; 
McConaugha & Costlow 1981). Two concepts involved in 
the commencement of the larval moulting cycle were pro¬ 
posed by Anger & Dawirs (1981). The first is the ‘reserve 
saturation point’ (RSP), which is the minimum time in the 
larval moult cycle when sufficient nutritional reserves are 
built up to allow moulting to the next stage, regardless of 
the availability of further food supplies. The second con¬ 
cept, the ‘point of no return’ (PNR), is the moment that 
zoea must moult, or remain in the same stage and even¬ 
tually die. According to these authors, water and minerals 
are assimilated, the endocuticle is secreted, and MIH is se¬ 
creted into the haemolymph during the postmoult period. 
During the intermoult, food uptake is necessary to generate 
further development. As the necessary reserves are accumu¬ 
lated, the RSP is attained and (3-ecdysone synthesis begins. 
At the end of the intermoult period, the PNR is reached. 
If enough reserves have been accumulated, premoult then 
commences and ecdysis occurs. 
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Broodstock Management 

William H. Daniels, Ronaldo 0. Cavalli and Richard P. Smullen 


This chapter provides information on the source, selec¬ 
tion, collection, handling and management of broodstock 
prawns ( Macrobrachium rosenbergii). Future research av¬ 
enues are also discussed, including the necessity to develop 
a nutritionally complete broodstock diet (see also Chap¬ 
ter 12). Systems for hatching freshwater prawn larvae and 
for their enumeration are described, while details of larval 
rearing technology are contained later in Chapter 5. 


4.1 Collection of broodstock 

4.1.1 Source 

Female prawns carrying eggs attached to the abdomen are 
commonly termed berried or ovigerous females. In practice, 
the most common source of broodstock for commercial 
hatcheries is adult prawns obtained from grow-out ponds. 
It is also prevalent for farmers to obtain a number of wild 
broodstock from rivers and lakes every season. Phuong 
et al. (2006) reported that 52% of hatcheries in Vietnam 
used wild broodstock while 48% used farmed broodstock. 
Broodstock normally includes only berried females; how¬ 
ever, under extended holding conditions, adult males may 
also be collected. Under tropical conditions, berried females 
are available year-round in farm ponds containing adult 
stock and, therefore, no shortage should be expected. How¬ 
ever, even in tropical areas the percentage of berried females 
may vary during an annual cycle. For example, Rao (1991) 
reported that in Lake Kolleru, southeastern India, berried 
females could be found year-round but peak activity oc¬ 
curred during the warmer months of August to October. 
New (1990) stated that peak mating activity in the wild oc¬ 
curs at the onset of the rainy season. Varghese et al. (1992) 
reported that natural spawning in the capture fisheries of 
Kerala, southwestern India, was associated with the onset of 
the rainy season. Interestingly, in Thailand, gravid females 
are most readily observed in estuarine waters (5-10 p.p.t.) 


from November to January (S. Suwannatous, pers. comm, 
to M. New 1998), which is the coolest time of the year and 
is the dry season. When breeding activity varies seasonally, 
some difficulty in obtaining sufficient numbers of berried 
females may be experienced, especially in sub-tropical and 
temperate areas during wintertime. In temperate climates, 
broodstock are typically obtained during autumn harvests 
and maintained indoors in special temperature-controlled 
environments during winter (‘overwintering’). One of the 
advantages of obtaining berried females from ponds, rather 
than open waters, is that they suffer less damage (including 
less loss of eggs) during harvesting and transport and are 
typically of a known age in single crop systems. 

If berried females are not readily available from ponds, 
successful breeding easily takes place under controlled con¬ 
ditions, but it is not common practice for hatcheries to 
maintain broodstock. Most often the maintenance of cap¬ 
tive stocks is restricted to experimental purposes or to those 
hatcheries located in areas where M. rosenbergii has been 
recently introduced and berried females are not yet locally 
available from ponds. Cavalli et al. (2001a) evaluated the 
reproductive performance of M. rosenbergii females held in 
captivity and followed over successive moults. They found 
females could spawn up to 5 times during 180 days com¬ 
pared to reports of 5 times annually for wild populations 
(Ling 1969; Rao 1991). They also showed that the num¬ 
ber of eggs per female weight and hatching rates (>82%) 
were not significantly affected by spawning order. How¬ 
ever, Das & Siddique (2007) followed ten individually held 
females (28°C, 12 p.p.t. and natural photoperiod - India, 
June-July) and found that while fertilisation rate was al¬ 
most uniform over consecutive spawnings, hatching rate 
gradually declined. 

In the Indo-West Pacific region, where M. rosenbergii is 
naturally distributed, some hatcheries prefer to use berried 
females from natural waters based on the belief that wild fe¬ 
males produce better quality larvae than pond reared ones. 
A seasonal decrease in the availability of wild broodstock 
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associated with the onset of the rainy season should be 
expected. Moreover, the natural catch has been reduced 
drastically as a result of overfishing and the deterioration of 
habitat and spawning grounds (Tonguthai 1992). 

Some concerns have been expressed about quality of 
broodstock from certain countries. Bart & Yen (2003,2007) 
evaluated larval performance between Thai (domesticated) 
and Vietnamese (wild) stocks and found no differences in 
first appearance of postlarvae (PL) (22 days), brood size and 
fecundity. They detected differences in days to metamor¬ 
phosis (Thai, 100%, 36 days; Vietnamese, 89%, 45 days) 
and final survival (Thai, 33%; Vietnamese, 2%), but sug¬ 
gested differences might be due to inadvertent selection 
from domestication. Chareontawee et al. (2007) assessed 
the genetic diversity from five hatchery stocks and two wild 
populations of M. rosenbergii in Thailand where inbreed¬ 
ing depression was blamed for slow growth rate in farmed 
stocks. Through the analysis of six microsatellite DNA loci, 
they concluded that poor performance was not due to de¬ 
terioration of genetic variability and inbreeding. 

4.1.2 Selection 

Selection of females is typically based upon ripeness of eggs 
and clutch size (i.e. number of eggs) without regard to body 
size. Ripeness is indicated by egg colour. As eggs undergo 
development, their colour changes from bright orange to 
brown and finally to greyish-brown a few days before hatch¬ 
ing. Females with brown to grey eggs are usually selected 
to bring into the hatchery. The normal practice is to collect 
them during partial or total harvests, but cast netting may 
also be acceptable. Some studies have provided fecundity es¬ 
timates based on morphological parameters (Malecha 1983; 
Ang & Law 1991). Fecundity increases with female size but 
the number of larvae produced by females of the same size is 
quite variable. However, experienced hatchery technicians 
estimate the number of broodstock needed for producing 
the required number of larvae, normally reckoning that 
500-1000 larvae will be produced from each gram of fe¬ 
male wet weight (New & Singholka 1985; Cavalcanti et al. 
1986; Phuong et al. 2006; Das & Siddique 2007). Cavalli etal. 
(2001a) estimated 1450 eggs per gram offemale weight with 
86% hatching rate yielding 1250 larvae per gram based upon 
a holding females in a tank system over multiple spawns. 
However, they held females individually in closed systems. 
The total number of eggs per spawning event (NES) was 
estimated to range from 26 587 to 74 775 eggs for females 
weighing from 20 to 55.8 g. The linear relationship between 
NES and female somatic weight (BW; in g) was found to be 

NES = 484 4- 1,454 BW (r 2 = 0.74). 

In ponds where prawns are continuously harvested year- 
round, the selection of females based solely on ripeness 


and availability does not take advantage of the biological 
fecundity of larger females (i.e. selection regardless of size 
of female) and provides no control over the breeding value 
(i.e. genetic worth) of the broodstock (Malecha 1983). This 
practice may select both genetically superior and inferior 
prawns. The alternative use of a separate brood pond or 
tank would allow for control of the age and size of females 
used for breeding. 

Female size should be considered when selecting animals 
for reproductive purposes. In general, females become re- 
productively mature at a weight of between 15 and 20 g, 
but berried females as small as 6.5 and 8 g have been re¬ 
ported by Ang & Law (1991) and Ra’anan et al. (1990), 
respectively. When these smaller females are stunted fe¬ 
males from ponds containing similar aged, larger ‘normal’ 
females, Paulraj et al. (2008) demonstrated that they are 
similar in histology to mature females by the occurrence 
of previtellogenic, vitellogenic and mature oocytes. How¬ 
ever, the overall oocyte diameter and gonadal somatic index 
were significantly smaller. Some hatchery operators would 
prefer to use large females since the number of eggs pro¬ 
duced per spawn is proportional to female size. However, 
though many see this as an advantage, some potentially 
negative impacts are associated with this procedure. Select¬ 
ing broodstock as early in the production cycle as possible 
has been suggested to enhance the growth rate of the fu¬ 
ture progeny (Doyle et al. 1983). Taking berried females 
3 months after stocking in ponds exerts an indirect selec¬ 
tion of 28% per cycle on the weight-at-harvest, whereas the 
use of 6-month-old females would result in a 15% negative 
selection. Therefore, the selection of fast growing, younger 
berried females for hatchery use, rather than choosing any 
large female, has a positive effect on the growth potential of 
future broods. 

The control of broodstock age is difficult where contin¬ 
uous stocking and harvesting of ponds is practised. New 
(1995) pointed out that farmers might resist such manage¬ 
ment modifications because the earliest (small) maturing 
females tend to produce fewer larvae and hence a greater 
number of berried females would be required. However, 
smaller females have been shown to outperform larger 
ones in terms of egg production over a set period of time 
(Cavalli et al. 2001a). Due to their higher moulting fre¬ 
quency, smaller females breed more often and consequently 
spawn more eggs. The use of younger, smaller females 
would also reduce the costs and time involved in rearing 
broodstock in ponds. Although few farms have broodstock 
ponds, selecting early, faster growing females and rearing 
them in separate ponds until they present a higher fecundity 
would be a simple improvement that could have a profound 
impact on performance. This would also allow a more 
efficient use of diets formulated specifically for maturing 
animals. 
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In temperate areas where broodstock are normally col¬ 
lected during autumn harvest (100-130 days post-stocking 
with 0.1-0.5g juveniles) for overwintering indoors, both 
the larger males and females are typically selected from 
healthy populations. Here the larger females are not neces¬ 
sarily the fastest growing females, but rather those that have 
not yet spawned or recently spawned. In this case, larger 
females are used for overwintering because of the higher 
fecundity associated with size and the limited number of 
hatchery runs conducted. Selection of the larger females for 
long-term holding allows more larvae per female, especially 
considering the low percentage of females ready to spawn 
simultaneously. Selection of the larger females from a good 
growing pond population would provide more eggs per fe¬ 
male and prevent selection of stunted females. The recom¬ 
mendations of Doyle et al. (1983) and Cavalli et al. (1998; 
2001a) should be considered if a hatchery will be produc¬ 
ing numerous cycles over a spawning season. Concomitant 
with this selection is the selection of males of equal or larger 
size to ensure adequate insemination of females. While fer¬ 
tilisation of females by smaller blue claw (BC) males has 
been observed in captivity, the huge energetic effort and 
time required to manoeuvre the female into a reproductive 
position would suggest that a small-sized male would be 
competitively disadvantaged. On average, successful mat¬ 
ing by males of equal or larger size takes between 1 and 
4 minutes. Successful fertilisation by smaller BC males can 
take two to three times as long (Thomas 1998). 

BC males are collected since they are the mature, re- 
productively active males to which mature females are at¬ 
tracted following postmoult. The larger BC males are usu¬ 
ally the newest recruits into the BC population following 
the ‘leapfrog’ theory proposed by Ra’anan 8t Cohen (1985), 
as detailed in Chapter 16. Daniels (1993) demonstrated a 
decrease in the testicular index as the BC male ages (i.e. 
time post BC metamorphosis). Since the testes of BC males 
almost exclusively contain mature sperm (Sagi et al. 1988) 
and may not produce new sperm, older males might pro¬ 
vide less viable sperm for mating. This would suggest that 
the reproductive capacity of the BC male decreases over 
time and, therefore, newer BC males would have a higher 
sexual capacity. 

Daniels (1993) also showed that BC males normally 
have an intermoult cycle of 3 to 4 months. Upon moulting, 
they shed their claws and go through a rapid moulting and 
regeneration of their claws until, after 3 to 5 moults, they 
become BC males again. It is assumed that these males 
would be similar to orange claw (OC) males and exhibit 
high somatic and low reproductive growth capacities. 
Therefore, selection of new BC males would allow for 3 to 
4 months of sexual activity. To ensure the continual 
presence of reproductively active BC males, OC males or 
strong OC males (i.e. those with relatively long, spiny claws 


referred to as ‘pre-transforming strong OC males’ by Sagi 
& Ra’anan 1988) must also be stocked. In the ‘leapfrog’ 
theory, these OC males would become BC males as they 
surpass the size of the existing BC males or as the older BC 
males die or moult out of the BC phase. 

Some criteria should be carefully observed when selecting 
prawns for hatchery use. Prawns should be active, well pig¬ 
mented and have no lack of appendages or any sort of bodily 
injury or damage. Prawns covered with algae or showing 
signs of not having moulted recently may indicate that ei¬ 
ther culture conditions were poor or the animals are not 
healthy. Until recently no information associating brood- 
stock as a vector of diseases to larvae was available. However, 
Sudhakaran et al. (2007) demonstrated the vertical trans¬ 
mission of nodavirus (MrNV) and extra small virus (XSV) 
by inoculating these viruses (intramuscular injection and 
oral route) into M. rosenbergii brooders resulting in normal 
egg development but 100% mortality of larvae by PL stage. 
RT PCR (reverse transcriptase-polymerase chain reaction) 
was positive for these viruses in ovaries, fertilised eggs and 
all larval states. Since both viruses infect M. rosenbergii by 
vertical and horizontal transmission (Sahul Hameed et al. 
2004), they recommended that broodstock be screened us¬ 
ing samples from pleopods before spawning. Vijayan et al 
(2007) have also reported horizontal transmission of white 
muscle disease (WMD) among PL but did not identify the 
causative agent. At a minimum, prawns should be care¬ 
fully examined with regard to apparent disease infections. 
Prawns should also be thoroughly checked for the presence 
of external parasites. Berried females might be a possible 
source for various epibionts that may affect larval per¬ 
formance. Protozoa such as Zoothamnium , Vorticella and 
Epistylis, which are routinely found on the carapace, gill 
lamellae and egg masses of M. rosenbergii (Brock 1993), 
may eventually lead to larval mortality through the impair¬ 
ment of swimming, feeding and moulting. 


4.1.3 Handling and transportation 

For short distances, buckets may be used for transporting 
broodstock, but double polyethylene bags placed within 
insulated containers are necessary for longer journeys. It 
is advisable to displace all the air from the polyethylene 
bags and replace it with oxygen in a similar manner to 
that used for the transportation of PL. Once inflated, the 
bag should be tightly twisted, doubled over and tied off 
to prevent loss of oxygen and water during transit. Ice is 
often used to maintain low temperatures since a reduction 
in temperature lowers metabolic rates, increases survival, 
and reduces activity, oxygen consumption and nitrogenous 
excretion (Chen & Kou 1996). The optimal temperature 
range for transport seems to be around 19 to 20°C. A stable 
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water temperature during transport is also essential for suc¬ 
cess. Schmitt & Uglow (1996) reported that sudden changes 
in temperature increased nitrogen efflux rates of M. rosen- 
bergii, clearly indicating a stressful condition. At 19 to 20°C, 
12 to 15 g of prawns per litre of water can be shipped safely 
for 42 hours (Smith & Wannamaker 1983). The use of 
brackishwater (up to 8 p.p.t.) instead of freshwater did not 
result in any significant improvement in survival. Coyle 
et al. (2006) also found that the addition of salt (up to 
6 p.p.t.) to the transport water had no significant effect on 
survival but did result in a significant decrease in both pH 
and unionised ammonia nitrogen. Dissolved oxygen con¬ 
centrations appear to be more closely related to survival 
rates than any other water quality parameter. 

Only prawns in the intermoult stage should be se¬ 
lected for shipment. They should also be fasted for at least 
24 hours prior to transportation. Prawns usually have their 
rostrum cut or a plastic tube inserted on the tip of the 
rostrum to prevent damage to the polyethylene bags. The 
chelae are also usually tied with rubber bands or covered 
with tubing. Applying these measures, adult M. rosenbergii 
obtained from pond-reared sources in Thailand were air 
shipped to Belgium on several occasions (Cavalli et al. 1999; 
2000a; 2001a,b; 2003). Although transportation time usu¬ 
ally exceeded 36 hours, survival rates higher than 70% were 
commonplace. Twenty-litre double polyethylene bags were 
filled with one-third freshwater and two-thirds oxygen gas 
and placed within insulated containers. Ice was added to the 
insulated containers to maintain temperature around 20° C. 
A maximum of 20 g of prawns per litre of water was shipped. 
After arrival, prawns were gradually acclimatised to 28°C 
and a 12 hour light/12 hour dark photoperiod in a freshwa¬ 
ter recirculation system. When open containers continually 
supplied with oxygen are used, Coyle et al. (2005) indicated 
that adult prawns (48 g) could be successfully live hauled 
(i.e. with little mortality) at a density of 100 g/L for up to 
24 hours. 

Alternatively, animals may also be wrapped in plastic or 
nylon screens and placed inside 50 mm diameter perforated 
PVC pipes, which are then placed into double polyethylene 
bags. However, Smith & Wannamaker (1983) found that 
prawns packed unrestricted suffered lower mortality than 
immobilised prawns. Similarly, the use of mesh material 
to increase surface area resulted in no benefit, which was 
later confirmed by Coyle et al. (2006). Clove oil was shown 
to have an anaesthetic effect on prawn PL and juveniles 
but concentrations of 750 mg/L and above were fatal while 
lower concentrations induced anaesthesia for less than 
2 hours (Vartak & Singh 2006). 

Daniels (unpublished) found that placement of adult 
prawns in hauling tanks (470 L per section of tank) at 30 
to 60 g/L leads to crowding of prawns into tank corners, 
leaving much of the water column and tank bottom void of 


prawns. Although survival was good for 24 hours, prawns 
were obviously stressed. Therefore, a system to spread the 
prawns out or layer them within the water column using 
trays or shelving would probably be beneficial to survival 
and good egg quality. 

An alternative form of transport is without water. Salin 
(2005,2007) evaluated cold anaesthetisation of farm-raised 
M. rosenbergii adults and berried females at 12 p.p.t. at 
three cooling rates (1.26°C/h over 8h, 2.52°C/h over 4h 
and 5.04°C/h over 2 h) from 25 to 15°C, followed by trans¬ 
port at 15°C for durations of 6, 9, 12, 15 and 18 hours for 
adults and up to 24 hours for berried females and revitalisa¬ 
tion of prawns in aerated water (using 12 p.p.t. for berried 
females) initially at 20°C and then raised to 29°C within 
3 hours. For transport, prawns were packed between two 
layers ofmoist and chilled (2-3°C) sawdust (coarse sawdust 
of teak wood, Tectoma grandis). The transport durations 
that yielded 95% survival were computed at 16.47, 12.14 
and 8.35 hours for adults and 18.49, 19.02 and 11.11 hours 
for berried females. No significant differences were found 
in the number of larvae produced per female, survival rate 
or production of PL/L between treatment (using only fe¬ 
males from the moderate cooling rate/12 h transport treat¬ 
ment) and control indicating potential use for transport of 
broodstock. 

As a preventive measure, in countries where its use is ap¬ 
proved, berried females should be disinfected upon arrival 
at the hatchery by placing them into freshwater containing 
0.2 to 0.5 mg/L of copper or 15 to 20 mg/L of formalin for 
30 minutes, as recommended by New & Singholka (1985). 
Aeration should be provided during these treatments. How¬ 
ever, while copper at the above levels is used to disinfect 
berried females in Brazil (Cavalcanti et al. 1986), current 
practice in Thailand is said to involve the use of much higher 
levels of formalin (50-100 mg/L) for 1 hour prior to entry 
into the hatchery (S. Suwannatous, pers. comm, to M. New 
1998). 


4.2 Broodstock management 

Management of broodstock normally encompasses those 
practices associated with typical pond production in grow- 
out ponds. However, in temperate climates, broodstock 
must be either imported or maintained in an indoor brood¬ 
stock holding facility. Because of the length of time these 
prawns must be overwintered, broodstock must be prop¬ 
erly managed to ensure their health and survival. In the 
future, as efforts are made to domesticate and genetically 
improve M. rosenbergii, holding broodstock will become 
more commonplace in tropical environments as well. This 
will make good management practices, such as broodstock 
manipulation, universally important. 
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4.2.1 Broodstock manipulation, cryopreservation 
and hybridisation 

In recent years, research has focused on better understand¬ 
ing ovarian and sperm development and their management 
for use in hatchery production. Santos (1998) had previ¬ 
ously demonstrated that unilateral eyestalk ablation could 
be used to anticipate spawns, increase the number of mature 
females and diminish the time between each spawn. Young 
females (4 months after PL stocking) spawn about 20 days 
after eyestalk ablation and spawn again after about 30 days. 
Okumura & Aida (2001) evaluated eyestalk ablation on 
moult interval, ovarian development and haemolymph lev¬ 
els of ecdysteroid and vitellogenin in M. rosenbergii females 
held at 28°C and under 15L:9D photoperiod. They found 
that all destalked females exhibited a reproductive moult 
accompanied by ovarian development and egg laying com¬ 
pared to only 69 and 51% (with or without haemolymph 
sampling) in the controls. Vitellogenin levels followed a 
pattern similar to control reproductive females. Murmu 
et al. (2007) evaluated the effects of eyestalk ablation and 
feeds on growth, moulting and rematuration of wild caught, 
spent females collected during the non-monsoon season in 
India and held under controlled conditions for 60 days. 
They found that ablated females showed the highest num¬ 
ber of moults, shortest moult interval, highest gonadoso- 
matic index (GSI), lowest weight gain and produced the 
only ovigerous females. 

Other researchers have evaluated hormonal effects on fe¬ 
male reproduction. Tanboonteck et al. (2006) assessed the 
effects of two dosage levels (20 or 40 p.g per gram body 
weight) of 5-hydroxytryptamine (5-HT, serotonin) and oc- 
topamine on ovarian development of female M. rosenbergii, 
which were injected with 1 or 3 doses after they had spawned 
and eggs had been physically removed. They concluded that 
a single injection of 20 p.g of 5-HT per gram body weight 
at immature ovarian stage stimulates ovarian development. 
Earlier spawning in mated females could be chemically in¬ 
duced by injection of either 5-HT or octopamine after the 
pre-mating moult. Spawned embryos were normal and sur¬ 
vived to hatching. Meeratana et al. (2006) also studied the 
effects of 5-HT on adult M. rosenbergii females at the ovar¬ 
ian I stage (spent) injected intramuscularly with various 
doses (1,5, 10, 20 or 50 |ig per gram body weight) on days 
0, 5 or 10 and sacrificed on day 15. The lower doses (1 and 
5 pg per gram body weight) caused a significant increase 
in ovarian index compared to the controls. The ovaries of 
most of these low-dose treated prawns reached stage IV and 
contained synchronously mature oocytes. Controls mostly 
developed to stages II and III. Prawns given higher doses 
could reach stages III and IV, with lower percentages reach¬ 
ing stage IV as the dosage increased, and contained various 
types of oocytes. Based upon pre-treatment with the 5-HT 


antagonist cyproheptadine and evaluation of effects of 
various organs (eyestalk containing optic lobes, supraoe- 
sophageal ganglion, thoracic ganglia and muscle strips) on 
ovarian maturation, they concluded that 5-HT did not in¬ 
duce ovarian maturation directly but through its action on 
the thoracic ganglion. 

Development of male characteristics in juvenile prawns is 
controlled by the androgenic gland (Chapter 16). Because 
of this, the sex of males can be reversed to create neofe¬ 
males. When bred with females, they produce all males. 
Aflalo et al. (2006) developed a two step procedure in an 
attempt to develop commercial production of all-male pop¬ 
ulations of M. rosenbergii. In step one, they andrectomised 
(surgically removed the androgenic gland) PL25-60. But 
the low success rate of functional sex reversal resulted in 
100% male progeny from only 1.3% of‘neofemales’. They 
then added the second step where they took these progeny 
and andrectomised them earlier (PL20-30). In the second 
step, there was a significant increase in the number of sex- 
reversed animals (ovarian development) and shortening of 
time to maturation. Rungsin et al. (2006) evaluated pro¬ 
duction of all-male stock using neofemale technology from 
the Thai strain of M. rosenbergii. They determined that 
gonadal differentiation did not occur until both gonopore 
complexes and appendix masculinae appeared in males. Bi¬ 
lateral removal of androgenic glands from PL having gono¬ 
pore complexes only resulted in 80.4% survival. Of those 
surviving, 30% developed into females and 27% matured. 
Mating of 12 neofemales with normal males resulted in all¬ 
male offspring in 8 crosses. Fecundity of neofemales was 
not different from that of normal females. 

Cryopreservation of Macrobrachium sp. eggs and sperm 
is an important step in broodstock manipulation and po¬ 
tential hybridisation. In preparation for cryopreservation 
studies, Pillai & Mohanty (2003) developed a safe and rapid 
enzymatic digestion technique to individually separate ad¬ 
vanced stage M. rosenbergii eggs (grey embryos with eyespot 
and heart beat) using the protease enzymes trypsin and col- 
lagenase. Treatment of eggs with a solution of collagenase 
(0.05%) and trypsin (0.25%) for 30 minutes yielded 100% 
separation. Using a solution of trypsin (0.25%) or collage¬ 
nase (0.1%) alone or one with trypsin (0.05%) in combi¬ 
nation with EDTA (400 mg/L) also provided 100% separa¬ 
tion. In vitro hatching was also successful. Chow (1982) re¬ 
ported successful fertilisation using spermatophores stored 
at 2°C for 4 days without any cryoprotective agents. Chow 
etal. (1985) had preserved spermatophores in liquid nitro¬ 
gen for a maximum of 31 days. Akarasanon et al. (2004) 
evaluated long-term cryopreservation of spermatophores of 
M. rosenbergii and found that preservation at -196°C with 
20% ethylene glycol was suitable for up to 150 days based 
upon high sperm survival rates and high fertilising ability. 
Preservation at -20°C with 10 or 20% ethylene glycol or 10 
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or 20% glycerol provided a simple and efficient short-term 
storage for up to 10 days. 

Hybridisation of Macrobrachium species has been at¬ 
tempted but with limited success. In a preliminary study, 
Graziani etal. (2001) used leucilaminopeptidase and pepti¬ 
dase II to detect the presence of hybrids among four species 
of Macrobrachium. Among these species, the most genet¬ 
ically distinct were M. acanthurus and M. amazonicum, 
whilst the closest genetic distances were between M. carcin us 
and M. rosenbergii. Later, Graziani et al. (2003) attempted 
intra- and inter-specific crosses of M. rosenbergii and 
M. carcinus through both natural mating and artificial 
insemination. They were successful in producing larvae 
through both natural and artificial intraspecific crosses. 
Interspecific reciprocal crosses were only successful in pro¬ 
ducing hybrid zygotes through artificial insemination, but 
embryonic development did not progress beyond the gas- 
trula stage. They concluded that both behavioural and 
postzygotic reproductive isolation barriers exist preventing 
their hybridisation. Similarly, Salazar etal. (2005) evaluated 
the possibility of hybridisation between M. rosenbergii and 
M. acanthurus using controlled mating and artificial in¬ 
semination. They compared the efficiency of both types 
of reproduction using intraspecific crosses for both species 
and found that the ethological reproductive isolation and 
the lack of viability of the hybrid zygotes constitute pre- 
and post-zygotic barriers that should preclude the natural 
hybridisation of these species. Fu et al. (2004) successfully 
produced viable Fi hybrids from crosses of female M. nip- 
ponense and male M. hainanense through artificial insem¬ 
ination. They achieved hatching rates of over 90% with 
about 20 to 60% developing to PL. Fi hybrids showed co¬ 
dominant expression of paternal and maternal alleles con¬ 
trolling the isozymes malate dehydrogenase and esterase. 

4.2.2 Holding systems 

Holding systems vary in size and configuration, depending 
on how many broodstock need to be held and the length 
of time required for holding. Holding systems can be rel¬ 
atively small and stocked at high densities, unless prawns 
need to be maintained for extended periods of time, such 
as for overwintering in temperate climates. For overwinter¬ 
ing, holding systems must be able to maintain broodstock 
for up to 6 months. Water temperature must be maintained 
above 25°C to prevent loss of eggs and water quality param¬ 
eters maintained to prevent stress and maximise broodstock 
health. 

The size of the system depends on the total number of 
broodstock needed to produce a given quantity of larvae. 
Survival rates at broodstock facilities at Mississippi State 
University typically ranged from 50 to 60% for females and 
from 30 to 40% for males (originally stocked as a mix of 


BC and OC males) over a 5 to 6 month holding period 
when stocked at 1 g of broodstock per litre of culture wa¬ 
ter in 6.1m diameter by 1.2 m deep tanks (W. Daniels, 
unpublished). Usually no more than 5 to 10% of the fe¬ 
males are ready to spawn at any given time (i.e. all females 
spawning within a 3 day period). Tidwell et al. (2005) re¬ 
viewed broodstock holding in temperate environments and 
provided similar stocking (1 g per litre) and survival rates 
(50-60% females; 20-30% males) based upon the work in 
Mississippi and Kentucky. To produce batches of 500 000 
larvae, approximately 11 egg carrying female prawns aver¬ 
aging 45 g each would be needed (a smaller number of larger 
prawns would also be effective). Therefore, a conservative 
estimate would require that at least 440 female prawns be 
stocked to provide 500 000 larvae in 5 to 6 months (50% 
survival, 5% of females spawning at any given time). At 
least 110 males (44 BC and 66 OC males) would also be re¬ 
quired (see section 4.2.3) to service these females. Although 
the number of broodstock required may seem excessive and 
cost prohibitive, it should be remembered that this system 
would support a continual supply of larvae from different 
batches of females (e.g. 5% of females available every few 
days or at least once weekly). Therefore, the hatchery de¬ 
sign (tank size and numbers) would support a system of 
multiple batches of larvae. 

Holding systems may be static, flow-through or recircu¬ 
lating, depending on the water source and the amount of 
time that the animals are held. Systems may be tanks or 
ponds. Ponds can be enclosed for over-wintering to main¬ 
tain water temperature. To maximise usage, structures (e.g. 
netting or shelters) should be provided in the water col¬ 
umn and on the bottom which allow the animals to spread 
out and occupy the water column as well as the benthic 
area. The added benefits are a reduction in cannibalism 
and an increase in fecundity due to reduction in aggressive 
encounters. Hanging small-mesh nylon netting vertically 
or horizontally in the water column is one method of pro¬ 
viding additional surface area. These structures may also 
be buoyed using PVC piping and floats. Smith & Sandifer 
(1979) described different types and arrangements of struc¬ 
tures which were tested for juvenile M. rosenbergii produc¬ 
tion and found that a layered habitat design consisting of 
alternating open and strip layers was best. They utilised a 
modified version of this (previously described in Sandifer & 
Smith 1977) for maintaining broodstock at their facil¬ 
ity (Sandifer & Smith 1978). For experimental purposes, 
Cavalli et al. (2001a) maintained prawns in recirculation 
units containing one 150 L holding tank, divided into nine 
compartments (each housing one female or male) and one 
40 L biological filter. Approximately 10% of the water was 
exchanged daily after the removal of wastes and uneaten 
feed. Freshwater was maintained at 28°C and the photope¬ 
riod was set at 12L/12D (Chavez Justo et al. 1991). Three 
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18 W fluorescent lamps placed 0.9 m above the water level 
of each holding tank provided a light intensity of 600 lux. 

4.2.3 Stocking density and sex ratios 

For short-term holding, BC males and females can be held 
either individually or more often in communal tanks at a 
ratio of one BC male to ten females. Males usually develop 
a harem and defend it and their territory from other males. 
Once mating has occurred, the females are moved to dark¬ 
ened conditions and fed a mixed diet (see section 4.2.5). It 
is imperative that minimal disturbance of females occurs. 
Once the eggs have become grey and are thus due to hatch 
within a few days, the females maybe transferred to a hatch¬ 
ery system. Many types of spawning systems are employed 
and these are described in more detail in this chapter (see 
section 4.3.1). 

For long-term holding, the density of brooders in the 
holding tanks appears to influence the egg carrying capac¬ 
ity of females. The total number of eggs which eventually 
hatch is reduced at higher densities. A stocking density of 
1 individual per 20 to 60 L and a ratio of 1 or 2 BC males per 
20 females are recommended. If broodstock are collected in 
early to late October (April in the southern hemisphere) and 
larval production is planned for December or January (June 
or July in the southern hemisphere), then OC males should 
be stocked at a ratio of 2 or 3 OC males per 20 females in 
addition to the BC males. The OC males should weigh more 
than 35 g when stocked. If newly hatched larvae are needed 
after March (September in the southern hemisphere), then 
OC males should be stocked at 3 to 4 per 20 females to offset 
increased mortality of males over a longer holding period 
(Daniels et al. 1992). Varghese et al. (1992) recommended 
a sex ratio of either 1:3.75, 1:4 or 1:4.75 (male:female) for 
maximum oviposition in M. rosenbergii. Malecha (1983) 
suggested 1:4 or 1:5 and Sureshkumar & Kurup (1998) sug¬ 
gested a ratio of 1 BC to 4 females for optimal oviposition 
and hatching; however, ratios of 1:2 and 1:5 also produced 
good results. 

Sandifer & Smith (1978) described a closed recirculat¬ 
ing system in South Carolina for maintaining broodstock, 
hatching larvae and nursing juveniles. In the broodstock 
system, they stocked prawns about 30 g in 2000 to 5000 L 
tanks at densities of 30 to 90/m 2 of tank floor with a male 
to female ratio of 1:4. Within each tank they placed an ar¬ 
tificial habitat. These workers achieved an overall average 
of 62% survival over 5 months. Approximately 25% of the 
females were found to be ovigerous every 2 weeks. 

4.2.4 Environmental requirements 

Environmental requirements have not been fully defined for 
prawn broodstock. More recent studies provide additional 


guidance for their maintenance and insurance of good em¬ 
bryo development and hatching. 

It can be assumed that temperature plays a major role in 
the timing and intensity of spawning, while salinity is more 
important for larval production. Adult prawns are tolerant 
of a wide temperature range (18-34°C), but temperatures 
ranging from 27 to 32°C are believed to be optimal. In wild 
populations of M. rosenbergii from Lake Kolleru (India), 
peak spawning occurred when the water temperatures were 
between 29.0 and 30.5°C (Rao 1991). 

Tidwell et al. (2005) recommended holding tempera¬ 
tures of 26 to 28°C based on an unpublished study they 
conducted. When stocking berried females and OC claw 
males collected from temperate ponds at a ratio of 4:1 and 
maintaining at constant temperatures of 20, 26 or 32°C for 
70 days, they found significantly higher survival at 26°C 
(91%) compared to those at 32°C (73%) and 20°C (24%). 
The percentage of berried females was significantly lower 
at 20°C (5.1%) compared to those at 26°C (48.1%) and 
32°C (58%). The percentage of males reaching BC status 
was also lower at 20°C (7%) compared to those at 26°C 
(53%) and 32°C (68%). Colder temperatures reduce the 
number of eggs, increase the time for egg development 
and appear to promote fungal growth on eggs (Daniels 
et al. 1992). Females may drop eggs if temperatures are too 
cold (<25°C). Chavez Justo et al. (1991) found that the 
growth rates and frequency of reproductive moults were 
enhanced by the elevation of the water temperature to 32°C 
rather than 24 or 28°C, even though the highest condi¬ 
tion factor was obtained for females maintained at 28°C. 
Manush et al. (2006) evaluated the influence of tempera¬ 
ture (25, 29, 33 or 36°C) on developmental rates, morpho¬ 
metries and survival of embryos grown in vivo on newly 
spawned M. rosenbergii brooders acclimated at l°C/day 
from 30° C. Embryonic development was directly rated 
to temperature (y= 40.075x+ 348.75; R 2 = 0.993; where 
y = time from early morula hatch and x = temperature, 
°C). At 48 h, abnormal embryonic development was evi¬ 
dent at 36°C and complete mortality occurred at 192 hours. 
Flatching occurred within 240 hours (10 days) at 33°C, 
289 hours at 29°C and 313 hours at 25°C, which is earlier 
than reported by Ogasawara (1984). He reported hatching 
at 25 days at 26°C, 20 days at 28 to 28.5°C and 17 days 
at 32°C. Manush et al. (2006) also proposed that the in¬ 
crease in larval length observed at higher incubation tem¬ 
peratures may lead to development of dominant prawns 
(‘shooters’). 

Chavez Justo et al. (1991) also suggested that a photope¬ 
riod of 12L:12D and a temperature of 32° C increased the 
frequency of reproductive moults, compared to a photope¬ 
riod of 15L:9D. This is surprising since photoperiod typi¬ 
cally does not play a major role in reproduction in tropical 
aquatic species. 
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Another important factor to broodstock holding is salin¬ 
ity and mineral composition. Typically, broodstock are held 
in freshwater or brackishwater (15 p.p.t.) at 27 to 32°C. 
Hatchability is higher when berried females are kept in 
brackishwater (New 1990, 1995). However, Souza et al. 
(1997) found no difference in hatching rates when berried 
females were maintained in salinities ranging from 0 to 
20 p.p.t. According to New & Singholka (1985), some 
hatcheries allow eggs to hatch in freshwater for simplicity, 
while others place the females in brackishwater (5 p.p.t.). 
Yet others place the females directly into larval rearing tanks 
containing 12 p.p.t. brackishwater. Immediate transfer from 
zero salinity into 12 p.p.t. does not appear to cause osmotic 
shock in berried females. Hatcheries in Thailand find that 
keeping berried females in 3 to 5 p.p.t. water stimulates im¬ 
proved egg development (S. Suwannatous, pers. comm, to 
M. New 1998). 

Damrongphol et al. (2001) evaluated the effect of vari¬ 
ous medium compositions compared to the control (20% 
artificial seawater) on survival and hatching rates on 
M. rosenbergii embryos and survival of newly hatched lar¬ 
vae cultured in vitro at 28 to 29°C. They found that ionic 
composition of the medium relative to age of the embryos is 
an important consideration. Embryos cultured starting at 
0.5 day post-oviposition were more sensitive to variations 
in medium composition than those started at 10.5 days. For 
0.5 day embryos, removal of sodium chloride (NaCl) and 
potassium chloride (KC1) reduced survival rates and none 
survived to hatching. Doubling or tripling the amounts 
of NaCl and KC1 also lowered survival at all developmen¬ 
tal stages. No significant effect on survival rates occurred 
with variation of calcium chloride. Variation in magnesium 
chloride plus magnesium sulphate also reduced survival sig¬ 
nificantly. For 10.5 days embryos, survival rates were less 
affected. Removal of NaCl drastically reduced survival but 
doubling or tripling it only showed significant reduction 
at final stage (18.5 days). Removal or addition of KC1 only 
reduced survival at 18.5 days. Changes in calcium chlo¬ 
ride or magnesium chloride plus magnesium sulphate had 
no significant effect on embryo survival. Hatching of em¬ 
bryos required NaCl and calcium chloride, but not KC1 or 
magnesium chloride plus magnesium sulphate. Variation in 
NaCl, KC1 or calcium chloride, but not magnesium chloride 
plus magnesium sulphate, significantly affected survival of 
newly hatched larvae. 

Similarly, Samuel et al. (1997) studied the effects of 
salinity using these same minerals on in vitro embry¬ 
onic development of M. malcolmsonii compared to em¬ 
bryos carried by brooding female in the laboratory (salinity 
0.5 p.p.t., 28 ± 2°C, photoperiod 12:12). Different salinities 
(0.5-10 p.p.t.) were prepared by adding required amounts 
of NaCl. Days to hatching was reduced to 11 in those held in 
0.5 p.p.t. compared to that of the control (14 d), but survival 


was reduced from 95.2 to 66.7%. No survival to hatching 
occurred for the other salinities and number of days in each 
developmental stage increased linearly as salinity increased. 
Considering the fact that they used 12-hour post spawning 
embryos and the effects of doubling or tripling NaCl on 
0.5-day embryos shown by Damrongphol et al. (2001), the 
results of increasing salinity might be related to the actual 
minerals used and not salinity. 

Law et al. (2002) evaluated the effects of hydrogen ion 
(pH) onM. rosenbergii egg (yellow stage, in vitro ) hatchabil¬ 
ity in brackishwater (12 p.p.t., 30°C and pH between 5 and 
10). The results indicated that the eggs are extremely sen¬ 
sitive to hydrogen ion concentration in brackishwater. The 
highest hatching occurred at pH 7.0 (92.22%) but drop to 
13.33% at pH 7.5 and 5.00% at pH 6.5. No hatching oc¬ 
curred at pH 5, 8, 9 and 10. The authors did not mention if 
the eggs were acclimated to these pH values from the start¬ 
ing pH 7.0 of the holding water, which may have affected 
the results. 

As with other aquatic species, excellent water quality 
should be maintained throughout the holding period. The 
tolerance of prawn broodstock to normally toxic com¬ 
pounds has not been completely defined, but based upon 
existing knowledge for other life stages, some general guide¬ 
lines can be provided. It can be assumed that the levels of 
ammonia (especially unionised), nitrite and nitrate should 
be minimised, with unionised ammonia and nitrite kept 
at negligible levels. Information concerning the effects of 
heavy metals on reproduction, either lethal or sub-lethal, 
is also not available, but extrapolations from the available 
literature (Chapter 13) suggest a need to be extremely cau¬ 
tious. For M. rosenbergii larvae, the levels of cadmium, cop¬ 
per and zinc should not exceed 0.033,0.176 and 0.268 mg/L, 
respectively (Liao 8t Hsieh 1990). The median lethal con¬ 
centration for 96 hours exposure (96 h LC50) to lead nitrate 
(Pb(N0 3 ) 2 ) was estimated at 1.0 mg/L (Piyatiratitivorakul 
et al. 1994). The amount of organic materials, especially 
suspended solids, should be minimised to prevent the pro¬ 
liferation of bacteria, reduce biological oxygen demand, and 
prevent stress to the broodstock and eggs. Tanks should be 
kept clean by siphoning excess food and waste as often as 
needed. 

4.2.5 Feeding strategies 

Females are typically not fed when being held simply for 
larval collection (New 1990). However, broodstock held 
indoors for extended periods of time will require a nu¬ 
tritionally complete diet and excellent water quality to 
promote superior egg production and quality. Not much 
work has been done on broodstock nutrition, even though 
it could potentially impact egg, sperm and larval quality 
(Cavalli et al. 1999, 2000a,b, 2001b, 2003; Samuel et al. 
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1999). Chapter 12 discusses the information that is cur¬ 
rently available. More recently, however, Murmu et al. 
(2007) found that the use of formulated feeds (46.1% crude 
protein) enhanced ovarian development of M. rosenbergii 
over the sole use of natural feeds (clam and squid meat). 
Samuel et al. (1999) studied the effects of diet (1:1:2 mix of 
clam meat, squid and pelleted shrimp feed versus clam only 
or clam only fed every two days) on male reproductive per¬ 
formance in M. malcolmsonii. Respectively, each diet was 
tested in successive studies using wild-caught prawns from 
freshwater areas of Manampadi, India. They found no sig¬ 
nificant reduction in sperm count, percentage of live sperm 
or percentage of abnormal sperm in prawns fed the mix of 
clam, squid and pellets. However, sperm count and percent¬ 
age of live sperm were significantly reduced and percentage 
of abnormal sperm significantly increased in prawns fed the 
clam-only diets during the 8 week studies. 

Sandifer & Smith (1978) and Daniels et al. (1992) both 
described feeding strategies for maintaining broodstock in¬ 
doors for extended periods. Daniels et al. (1992) stated that 
when commercially available pelleted diets are not nutri¬ 
tionally sufficient, supplements such as pieces of beef liver 
or squid, cut to the appropriate size, should be fed at least 
twice per week. On the day of supplemental feeding, 50% of 
the amount of the pelleted diet should be substituted with 
a dry weight equivalent of beef liver or squid. As beef liver 
and squid have moisture contents of approximately 80%, 
1 kg of either would be only 200 g by dry weight. 

The amount of feed fed per day should be divided 
equally into two feedings (early morning and late after¬ 
noon). Broodstock should be fed at a daily rate of 1 to 3% 
of total biomass. The feeding rate should be adjusted to 
match consumption. Sandifer & Smith (1978) fed prawns 
Purina Marine Ration 25 (a commercial diet) once or twice 
daily at 1 to 2% of body weight and provided supplemental 
feeds (squid, ground fish, spinach, etc.) ad libitum several 
times weekly. A formulated diet containing 44% crude pro¬ 
tein and 9% total lipids were offered in excess twice a day 
(0930 and 1800) to captive broodstock with excellent results 
(Cavalli et al. 2001a). 


4.3 Larval hatching systems, collection 
and enumeration 

Current larval rearing technology is described in Chapter 5. 
Special facilities for hatching are rare. In the following sec¬ 
tion, hatching systems and larval enumeration are covered. 

4.3.1 Larval hatching systems 

Larval hatching systems come in many shapes, sizes and 
configurations, which depend on the needs of the hatch¬ 


ery. Larvae may be allowed to hatch in the tank in which 
they will be cultured. They may also be hatched in the 
broodstock holding system and then transferred to the lar¬ 
val culture tank. When larvae are to be hatched within the 
culture tank, females with brown to grey eggs are collected 
and placed into enclosures (nets or cages) within the tank. 
Once hatching has occurred, the females and enclosures are 
removed. Problems associated with this technique are can¬ 
nibalism of larvae by females and the obstruction of water 
circulation by the enclosure. 

A more easily controlled system utilises a separate hatch¬ 
ing tank. Females collected from either a pond or a holding 
system may be placed into a hatching system where eggs are 
allowed to hatch. Stage I larvae are collected with either a 
collecting device or simply netted from the system. Females 
are typically stocked at high densities (0.2-0.3 females/L) 
in an enclosure that prevents them access to larvae once 
the eggs hatch. Short pieces of piping or other structures 
may be added to provide shelter for females. Larvae can be 
attracted away from the females using light to take advan¬ 
tage of their photo tactic nature and drawn towards a water 
flow to move them into another collection tank. Collection 
is normally at night when most hatching occurs. The tank 
may also be covered to prevent extraneous light sources and 
provide for daytime collection. Each larval culture tank is 
then stocked with stage I larvae collected over a period of 
1 to 3 days. 

Daniels et al. (1992) described a typical hatching system 
(Fig. 4.1) consisting of a hatching tank (300L rectangular 
tank), larval collector (120 L circular tank), and a mixing 
tank or biological filter (120 L circular tank). Forty to sixty 
females with brown to grey eggs are placed into the hatching 
tank supplied with adequate habitat structures (e.g. a piece 
of pipe for each individual). The interior of the hatching 
tank is black, except around the area where the overflow 
pipe is located. This area is painted with a lighter colour. 
Black grating (e.g. egg crating or louvre material) divides 
the tank into two chambers with the chamber for holding 
the females occupying about 80% of the tank volume. Water 
overflows from the hatching tank into the collection tank, 
passes through a 180 pm mesh screen located around a 
centre standpipe, and then flows into the mixing tank. Water 
is returned to the hatching tank from the mixing tank by 
airlifts. 

Sandifer & Smith (1978) described a system for hold¬ 
ing ovigerous females consisting of two 2000 L tanks (1.83 
m diameter x 0.76 m deep) attached to a recirculating 
water system. Each tank contained artificial habitats and 
could accommodate up to 130 females/m 2 of tank floor and 
provide excellent survival (~90%) for 3 week hatching pe¬ 
riods. The system was maintained at 28 to 30°C and 12 p.p.t. 
using synthetic seawater. The two holding tanks were con¬ 
nected to a smaller larval collecting tank. The larvae were 
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Fig. 4.1 A hatching system consist¬ 
ing of a 300 L broodstock tank and 
two 120 L circular tanks (larval collec¬ 
tor and biofilter). (Reproduced from 
Daniels et al. 1992, copyright 1992 
with permission.) 


allowed to hatch in the tanks and were automatically har¬ 
vested by the gentle siphoning action of water from the 
holding tank to the collection tank where larvae were re¬ 
tained. Although they expressed considerable variation in 
production, they averaged 46 600 larvae/day. 

The University Pertanian Malaysia developed a brood¬ 
stock holding system (Fig. 4.2) that allows for maintenance 
of individual broodstock and natural water flow to remove 
larvae into a separate tank upon hatching (K. Ang, pers. 
comm, to R. Smullen 1995). It consists of a shallow race¬ 
way approximately 1 m x 0.5 m (H x W) and can ei¬ 
ther be constructed as a flow-through or recirculation sys¬ 
tem. Chambers are divided by screening with a mesh size 
large enough to allow the larvae to pass through, but small 
enough (10 mm) to prevent the female moving into an 
adjacent compartment. The water depth should be approx¬ 
imately 0.5 m to allow sufficient covering of the adult female 
and provide a low flow rate. Each compartment holds an 
individual female and the top of the raceway is open to al¬ 
low easy access to the females for feeding, maintenance and 


replacement following spawning. When the female spawns, 
the larvae are carried with the water flow through the mesh 
and through each compartment into the larval rearing tank. 
Larvae can then flow into a number of different larval rear¬ 
ing tanks. 

Although natural incubation is by far the most com¬ 
mon practice, hatching may also be performed by artifi¬ 
cial {in vitro) incubation (Balasundaram & Pandian 1981; 
Mathavan & Murugadass 1988; De Caluwe et al. 1995; Das 
et al. 1996; Cavalli et al. 2001b). The use of in vitro incu¬ 
bation is thought to increase the number of larvae released 
from a single egg clutch because berried females usually 
lose eggs as incubation proceeds. Wickins & Beard (1974) 
hypothesised that losses could amount to 31% of the initial 
egg number. Malecha (1983) observed that females main¬ 
tained in ponds had a lower fecundity than those kept in 
the laboratory, probably because of the continual sloughing 
off of dying eggs due to epizootic infestation. Ang & Law 
(1991) reported a similar observation and attributed the de¬ 
crease in fecundity to the continual consumption of eggs by 



Fig. 4.2 Broodstock spawning sys¬ 
tem developed by University Perta¬ 
nian Malaysia, which allows for main¬ 
tenance of individual broodstock and 
natural water flow to remove larvae 
into larval tank. 
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females and the loose nature of grey eggs, which would make 
them more prone to physical losses. To offset losses, eggs 
should be manually collected from females a few days after 
spawning, preferably within 3 to 5 days. The advantages of 
applying this methodology consist not only in the potential 
increase in the number of larvae produced, but in relieving 
females from the task of incubation, which increases their 
reproductive output by an increased breeding frequency, 
as demonstrated for M. nobilii (Pandian & Balasundaram 

1982) and M. rosenbergii (Damrongphol et al. 1991). On 
the other hand, the risk of microbial infections increases 
because non-viable eggs, usually lost during in vivo incuba¬ 
tion (Malecha 1983; Ang & Law 1991) are retained during 
in vitro incubation. Furthermore, antimicrobial secretions, 
thought to be produced by the incubating females (Fisher 

1983) , are not present. A successful disinfecting protocol for 
M. rosenbergii eggs using formaldehyde, hydrogen peroxide 
and a commercial antibiotic and anti-fungal solution has 
been developed (Caceci et al. 1997). 

Hatching occurs naturally under estuarine conditions 
and, as noted in section 4.2.4, egg hatchability is increased 
in brackishwater rather than in freshwater. De Caluwe et al. 
(1995) found that a combination of 6p.p.t. salinity with 
temperatures of 26 to 28°C is optimal for the incubation 
of M. rosenbergii eggs. However, larvae obtained from eggs 
incubated at 25°C showed a higher resistance to tempera¬ 
ture fluctuations than those from eggs incubated at 28°C 
(Gomez Diaz 1987). Although Brock (1993) alerted that 
temperatures above 30°C may prompt the development of 
protozoa and other undesirable micro-organisms, Manush 
et al. (2006) suggested that 29 to 33°C would be optimal 
for M. rosenbergii embryonic development, as they found 
that increasing incubation temperature reduced the hatch¬ 
ing duration of embryos and produced larger larvae. The 
light regime does not seem to affect egg hatchability (De 
Caluwe et al. 1995) although direct sunlight should be 
avoided. Cavalli et al. (2001a) used fluorescent lamps pro¬ 
viding 750 lux at the water surface for 12 h/day and, from a 
total of 54 spawns, hatching rates were consistent and above 
80%. 

The exposure of 1-day embryos to 10 p.g/mL of estradiol- 
1713 for 2 days resulted in an increase in hatching rate, in 
the number of primordial germ cells (PGCs) and in the 
rate of incorporation of the PGCs into the developing go¬ 
nads (Pakdeenarong & Damrongphol 2006a). In a similar 
study with all-trans retinoic acid (AtRA), Pakdeenarong & 
Damrongphol (2006b) reported that treating embryos with 
10 or 50 p.g/mL of AtRA for 2 days had no effect on survival 
and hatching rates, but an increase in the number of PGCs 
and a slightly more advanced stage of the gonads were ob¬ 
served. The results indicated that AtRA, an active metabolite 
of vitamin A, affected germ cell and gonad development of 
embryos of the freshwater prawn. 


4.3.2 Enumeration of larvae 

The number of larvae collected in either a collecting device 
or from a hatching system can be determined by enumer¬ 
ating the number of larvae in a known volume of water 
following a procedure similar to that described by Aqua- 
cop (1983). However, commercial hatcheries often omit the 
enumeration of larvae in every batch, believing that it is the 
number of PL produced that is important, not the number 
of larvae stocked (New & Singholka 1985; S. Suwannatous, 
pers. comm, to M. New, 1998). It is important to remember 
that the number of larvae can only be accurately assessed 
when they are evenly distributed through the water column. 
That procedure consists of thoroughly mixing the water by 
hand and taking 8 to 16 samples of a known volume of 
water (e.g. a 30 ml beaker) and counting the number of 
larvae in each sample. Experience will dictate the number 
and methods used to get consistently accurate results. The 
average number of larvae/ml is then multiplied by the total 
volume of water in the collection tank to yield the total 
number of larvae. All larvae are then removed from the col¬ 
lection tank by siphoning or draining the tank, separated 
from any debris, and then placed into the larval culture 
system. This procedure is repeated for up to 3 days until 
the desired number of larvae are collected and stocked. If 
more than 1 day of collection is needed, a partial water ex¬ 
change in the hatching system is advised for systems with 
no bio-filtration, and feeding of females should be reduced 
(Daniels et al. 1992). 


4.4 Future research avenues 

One of the major drawbacks of hatchery production in 
temperate climates is the asynchrony of egg development 
among females. Because only 5 to 10% of the females will 
typically hatch eggs within a 1 to 3 day window of time, large 
numbers of broodstock must be maintained over long peri¬ 
ods of time (4-6 months) in temperate climates. This results 
in high costs and high mortality of broodstock. Methods 
to synchronise spawning would provide a larger number of 
females hatching eggs together, thereby reducing the num¬ 
ber of broodstock required to produce the same number of 
larvae. Research to synchronise spawning through the en¬ 
docrinological control of the timing of reproduction would 
provide major reductions in costs associated with holding 
facilities. 

Holding broodstock for extended periods of time indoors 
in temperate climates will also be necessary as prawns are 
domesticated and genetically improved. Under these cir¬ 
cumstances, broodstock health and subsequent egg and lar¬ 
val quality are highly dependent upon good nutrition. Since 
these prawns are predominately held in tank systems, all of 
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their nutrition must come from a well-balanced diet prof¬ 
fered by management. Unlike the diets typically developed 
for grow-out production (i.e. somatic growth), broodstock 
diets must provide the proper nutrition for optimal egg pro¬ 
duction (i.e. high-quality yolk deposition) and high-quality 
sperm production. The use of properly balanced diets may 
indeed affect reproductive performance. Das et al. (1996) 
found that a diet containing 40% crude protein with an en¬ 
ergy level of 4000 kcal/kg increased egg production. Cavalli 
et al. (1999) demonstrated that high dietary levels of n-3 
highly unsaturated fatty acids (HUFAs) and linoleic acid 
(18:2n-6) increased not only egg production, but also pro¬ 
moted the tolerance of 8-day-old larvae to ammonia stress. 
Similar results were observed for ascorbic acid (vitamin 
C) and tocopherol (Vitamin E) (Cavalli et al. 2003) This 
clearly suggests the possibility of enhancing not only fecun¬ 
dity, but also larval quality through further improvements 
in maternal diets. 

Last but not the least, New (2005) indicates that freshwa¬ 
ter prawns remain undomesticated, although unconscious 
(and sometimes negative) selection may have taken place 
in countries where the parent stocks were introduced in 
small numbers. Conventional selection and breeding for 
desirable traits or (if consumers will accept it) by gene ma¬ 
nipulation and transfer are essential to improve the viability 
of freshwater prawn farming. Further work on hybridisa¬ 
tion to combine the attractive traits of various species is 
also warranted. For example, it may be possible to combine 
the delicate flavour of one species, which commands a pre¬ 
mium price, with the more rapid growth rate and/or final 
market size of another. 
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Hatchery Systems and Management 

Wagner C. Valenti, William H. Daniels, Michael B. New and Eudes S. Correia 


The original work of Takuji Fujimura and his team on lar¬ 
val culture in Hawaii in the 1950s (Chapter 1) was based on 
the ‘greenwater’ principle. It involved the deliberate encour¬ 
agement of phytoplankton development (mainly Chlorella 
spp.) in the rearing water (New 1990) and was thought to 
improve water quality and increase survival to metamor¬ 
phosis. However, high pH (9.5 and above) and algal blooms 
or crashes often caused larval mortality (Hudon etal. 1989). 
Today, very few prawn hatcheries use the greenwater system 
because commercial experience has shown that ‘clearwater’ 
systems are easier to manage and are thus more efficient. 
These include both open (flow-through) and closed (recir¬ 
culating) systems. As clearwater systems have evolved, they 
have been reviewed by New (1990, 1995) and described 
in detail in several manuals, including those by New & 
Singholka (1985), Valenti (1985), Cavalcanti et al. (1986), 
Chowdhury etal. (1993), Valenti (1998) and New (2002). 

Flow-through hatchery systems are based on regular wa¬ 
ter exchange to reduce toxic substances which accumulate 
in the rearing water. These originate from the metabolism 
of larvae and Artemia nauplii, and bacterial decomposition 
of waste food, faeces and dead organisms. Large amounts of 
brackishwater are therefore required for this type of 
hatchery. 

Closed or recirculation hatchery systems have been de¬ 
veloped to minimise water losses and maximise water qual¬ 
ity for raising larvae. Minimal water usage is very impor¬ 
tant for inland hatcheries, where water must be transported 
long distances or artificial seawater is used. Recirculation 
allows continuous or semi-continuous processing of wa¬ 
ter to remove nitrogen and solid wastes and disinfection 
for disease management. The use of recirculation systems 
in Macrobrachium rosenbergii hatcheries has several advan¬ 
tages over open systems. These include more stable water 
quality; lower water consumption; heat conservation; lower 
labour requirements; control or prevention of pollutants, 
parasites, predators and competitors; and enhanced feasi¬ 
bility of establishing inland hatcheries. 


This chapter summarises and supplements the informa¬ 
tion presented in the former manuals, with the results of 
recently published research and with the chapter authors’ 
personal experiences. Readers of the current chapter will 
quickly recognise that there are many different, sometimes 
conflicting, ways of managing prawn hatcheries. 


5.1 Hatchery design 

Hatcheries are designed to match the desired rate and tim¬ 
ing of the production of postlarvae (PL). Past experience 
and literature reviews suggest that stocking rates of40tol00 
stage I larvae/L and survival rates ranging from 40 to 80% 
are typical. Success is principally dependent upon hatchery 
location, design and management. Access to high-quality 
water supplies is critical and hatcheries need to be located 
where there is power supply, because continuous operation 
of the aeration system is essential. Proximity to the major 
nursery or grow-out pond locations (the market for PL) 
is also advantageous. However, it is possible to transport 
PL successfully for very long distances by road, rail or air, 
so this is not a limiting factor. Design criteria include the 
choice of the more suitable system for site condition and 
the planning of buildings, tanks, and water and air distri¬ 
bution. Management includes stocking and feeding larvae, 
water quality control and harvest processes. 

5.1.1 Flow-through system 

This system is based on continuous water flow through the 
rearing tanks. It depends on close proximity to large supplies 
of suitable water. Sites should preferably be far from cities, 
harbours and industrial centres, or other activities which 
may pollute the water supply. The ideal site allows direct 
access to both freshwater and seawater. For this reason, 
coastal sites with sandy beaches and coral reefs are often 
preferred, but this is not a limiting factor. In Thailand, brine 
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Fig. 5.1 Water flow through basic 
components of a dynamic closed 
system. 



or rock salt is transported for dilution in inland hatcheries 
operating in flow-through systems. 

Valenti (1996) described various problems associated 
with flow-through systems. These include causing shock 
to larvae by adding make-up water, the peaking of am¬ 
monia levels (reaching ~2 mg/L immediately before water 
exchange), and increasing stress and cannibalism among 
larvae as density increases during water level reduction. 

5.1.2 Recirculating (closed) system 

This system is based upon continuous water circulation 
through mechanical and biological filters (biofilter), thus 
providing continuous removal of solid and nitrogenous 
wastes. This assures low levels of ammonia and nitrite and 
avoids the daily peaks that occur in open and static closed 
systems.Furthermore, this system does not involve major 
water replacement, and water quality conditions are stable 
enough to ensure good conditions for the larvae. 

The dynamic closed system used in M. rosenbergii 
hatcheries includes the following components: larval rear¬ 
ing tanks, mechanical and biofilters and, sometimes, disin¬ 
fection through ultraviolet (UV) lights or ozone (Fig. 5.1). 
System efficiency is dependent upon filter and tank shape 
and size, type of biofilter media, and rate and pattern of 
water circulation, among others. Culture systems can have 
individual biofilters or one common biofilter for all larval 
rearing tanks. The latter is more vulnerable to contamina¬ 
tion of the whole system in case of infection in one tank. 

The rate of water recirculation is fundamental for system 
efficiency. The biomass of nitrifying bacteria present in the 
biofilter depends on the total amount of ammonia enter¬ 
ing the biofilter, instead of its concentration in the water 
(Brune & Gunther 1981). Therefore, higher flow rate 
through the filter introduces more ammonia per unit of 
time and increases the efficiency of the nitrification pro¬ 


cess (Kaiser & Wheaton 1983). Valenti etal. (1998) recom¬ 
mended a high rate of recirculation to reduce the biofilter 
size. According to these workers, the total water volume in 
the larval rearing tanks should circulate through the filter 
10 to 24 times daily (recirculation rate of 1000 to 2400% 
daily). Aquacop (1983) and Griessinger etal. (1989) devel¬ 
oped systems with recirculation rates of approximately 2400 
and 1200% daily, respectively. However, many systems of¬ 
ten cited in the literature have lower rates, which vary from 
140 to 500% daily (Sandifer & Smith 1975; Singholka & 
Sukapunt 1982; Ong 1983; Castro et al. 1988; Chowdhury 
etal. 1993). 

A variation of the traditional recirculating system, called 
the static closed system, was developed in Brazil in 1984 
and has been used by inland hatcheries (Valenti 1992,1993, 
1996, 2007). Tanks and general management protocols are 
similar to those employed in open systems. However, daily 
removed water from larval rearing tanks is transferred to 
other tanks for processing and then to a biological filter 
instead of being discarded. After the nitrification process 
is completed, the water is returned to the rearing tanks. 
Carvalho & Mathias (1998) described the static closed sys¬ 
tem in detail. Half of the rearing tank water is exchanged 
daily. Water removed from the larval tank is clarified by fil¬ 
tering it through a mesh screen (5 pm). It is then chlorinated 
(2.5 mg/L active chlorine) for 40 minutes in the treatment 
tank. The residual chlorine is removed with sodium thio¬ 
sulphate (Na 2 S 2 0 3 ). After filtering the water again through 
a mesh screen (1 pm), the water is transferred to a large 
biological filter where it is circulated through the substrate 
for 2 to 3 days to complete the nitrifying process. The wa¬ 
ter is then returned to the larval rearing tanks. The system 
is composed of three biological filters, which are used on 
consecutive days and always in the same order. Each filter 
has a volume capacity equivalent to the total volume of the 
larval rearing tanks of the hatchery. 
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The same problems described by Valenti (1996) for flow¬ 
through systems occur in the static closed system. In ad¬ 
dition, continuous chlorine application can cause excessive 
chloramine in the system, which is highly toxic to M. rosen- 
bergii larvae. Chloramine is a stable compound formed 
through the reaction of chlorine and ammonia, and is not 
removed by aeration (Noga 1995). Continuous addition of 
thiosulphate to de-chlorinate may also lead to stress and 
mortality since the ‘thio’-groups in sodium thiosulphate 
are used as insecticides to kill other arthropods. 

In general, recirculating systems are believed to be the 
best systems for M. rosenbergii hatcheries. They operate at 
low cost, save water, have less environmental impact and 
provide higher productivity. A comprehensive and useful 
text covering all aspects of recirculating systems in aquacul¬ 
ture is provided in Timmons et al. (2002). 


5.2 Facilities 

The facility design is based upon the desired rate of produc¬ 
tion of PL and needs to match the broodstock capacity of the 
facility. The following example can be used for planning the 
size of a facility. A 10 000 L tank (101) stocked at 50 larvae/L 
(i.e. 500 000 larvae) with a survival of 80% at the comple¬ 
tion of the larval cycle would yield 400 000 PL. To stock 
this tank would require approximately 25 egg-carrying fe¬ 
male prawns averaging 45 g each. This is based upon a 
healthy 45 g female producing approximately 450 larvae/g. 
A smaller number of larger prawns would also be effective 
since larger females will produce more larvae per gram of 
weight. Fecundity is a linear function of body weight and 
an exponential function of body length (Malecha 1983). 
Assuming a desired production of 2 million PL (2.5 million 
larvae at 80% survival), 5 larval culture tanks each contain¬ 
ing 101 of water and thus totalling 501 (50 000 L) would be 
required. 

5.2.1 Physical plant 

Physical plant for each hatchery is site-specific and its size 
depends on the desired production scale, the type of system 
and the availability of resources. Facilities may be simple 
or highly complex. The more complex physical plant en¬ 
compasses the entire physical layout of the hatchery facility, 
including separate rooms for hatching and larval culture 
tank systems, feed preparation area including live feeds, dry 
laboratory space, an office, bathroom and auxiliary equip¬ 
ment. Most successful prawn hatcheries in Asia are ‘back¬ 
yard hatcheries’ where the facilities include water storage, 
mixing and larval rearing tanks, as well as an aeration sys¬ 
tem, drainage facilities and a water supply system. Often, 


hatcheries are enclosed, to maintain controlled environ¬ 
mental conditions and to reduce contamination by insects 
and dust. Flowever, many simple hatcheries are open, es¬ 
pecially in tropical regions, where annual and diurnal tem¬ 
perature fluctuation is small. 

The building housing the hatchery facility can be a green¬ 
house or a more permanent structure. In temperate and 
subtropical regions, hatcheries are enclosed in concrete/tile 
or insulated metal buildings (Valenti 8t Tidwell 2006), while 
in tropical regions hatcheries can also be of tile construc¬ 
tion (Valenti 2007) or can be built of wood and roofed 
with leaves (Correia et al. 1988). With recirculation sys¬ 
tems, excessive solar energy and light produces excessive 
heat during warmer months and encourages growth of al¬ 
gae, which can foul the tanks and biofilters. When pro¬ 
duction occurs in a greenhouse, the area above the culture 
tank should be shaded to provide a good indirect light and 
the biofilters and live food production areas should be cov¬ 
ered completely. In more permanent structures, adequate 
windows should be made to provide proper lighting, such 
as presented in the layout by Aquacop (1983) and Valenti 
et al. (1998). Provisions for the availability of intense arti¬ 
ficial light as back-up should be included (see also section 
5.2.6). A typical flow-through hatchery diagram is shown in 
Figure 5.2. 

An example of a recirculation prawn hatchery, the associ¬ 
ated infrastructure and the economic analysis can be found 
in Fuller et al. (1992). This system is based upon the spec¬ 
ifications given for a closed ‘clearwater’ system described 
in Daniels et al. (1992). Although each recirculation hatch¬ 
ery differs in size and configuration, commonalties include 
water preparation tanks, larval culture tanks with biofil¬ 
ters, feed preparation, live food culture systems and tanks 
for spawning and PL holding. The building needs a back¬ 
up generator to operate the pump, air blower and heaters 
during any loss of electricity. 

The design of any structure should allow for ease of dis¬ 
infection to provide adequate larval health management. 
Normally, this includes a concrete floor and walls that are 
washable. Designs should minimise the amount of outside 
air (and contaminants) that is drawn through the building’s 
venting system. Large fans in greenhouses, for example, run 
constantly during warmer months; this tends to draw in 
outside dust and potentially any agricultural chemicals be¬ 
ing sprayed on adjacent areas. Buildings with self-contained 
heating and cooling systems minimise this risk, although it 
increases production cost. 

All systems require water replacement, either daily or 
to replace water losses. Thus, each hatchery system re¬ 
quires additional tanks for water storage and preparation 
of brackishwater. Storage tanks may be square, rectangu¬ 
lar or circular, but this depends solely on the characteris¬ 
tics of the site and local material costs. Commonly, storage 
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Fig. 5.2 Simplified layout of a flow¬ 
through hatchery system. 



1. Larval rearing tanks # 1 

2. Larval rearing tanks # 2 

3. Hatching tanks 

4. Broodstock holding tank 


and mixing tanks are constructed in cement-covered brick 
and elevated to permit water to be supplied to the larval 
rearing tanks by gravity. The volume of freshwater and sea¬ 
water holding tanks naturally depends on the anticipated 
demand for rearing purposes. Efficiently managed recircu¬ 
lation systems require less than 10% daily water exchange, 
with additional water needed for live feed culture. For extra 
security in hatcheries using flow-through systems, it is rec¬ 
ommended that two water preparation tanks, each with a 
volume equal to the total volume of all larval rearing tanks, 
should be installed. In the case of recirculation hatcheries 
using artificial seawater, the total volume of water storage 
tanks may be smaller. However, if natural seawater is used 
in recirculation hatcheries, the storage volume should be 
greater because there should be sufficient to provide enough 
brackishwater to fill all the biofilters as well as the rearing 
tanks. 


The principal food for prawn larvae is Artemia (Chapter 
6); therefore, the physical plant must incorporate a system 
for hatching nauplii and needs to be designed to meet the 
maximum requirements of the desired level of postlarval 
production. For example, if 2.5 million larvae have an up¬ 
per feeding rate of 100 Artemia/larvae/day, and assuming 
an average hatching rate of approximately 150 000 Artemia 
nauplii per gram of cysts, then a daily Artemia hatch of 
1670 g of cysts is required. Artemia are generally hatched 
at 1 to 4 g of cysts/L of water according to cyst origin (see 
chapter 6). Thus, assuming the use of 2 g of cysts/L ofwater, 
the Artemia hatchery system would require a 833 L work¬ 
ing volume or about eight 100 L tanks. Many hatcheries 
prefer using smaller tanks because of the consistency in 
production and the ease of harvesting.In Brazil, 20 and 
300 L tanks are used, while in Thailand and Taiwan they 
tend to be between 500 and 1000 L, according to the scale 
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of the hatchery and the preference of the hatchery opera¬ 
tor. In Brazil, operators calculate the total volume of the 
brine shrimp hatching capacity on the basis that 2 to 4 g 
of cysts require 1 L of water, depending on cyst source. In 
Thailand a lower cyst density is used; operators use 1 g/L of 
water; thus a larger total Artemia tank capacity is required. 
Artemia hatching tanks should be constructed of fibreglass 
or polyethylene and have a gently sloping, conical bottom 
equipped with a bottom drain for harvesting, and trans¬ 
parent or opaque sides. Additional tanks will be required if 
fortification of Artemia with essential fatty acids or other 
nutrients is desired (Chapter 6). 

5.2.2 Water distribution and drainage system 

Direct seawater pumping is the simplest means of obtain¬ 
ing saltwater. In coastal freshwater prawn hatcheries, to¬ 
pography and tidal movement need to be considered. If 
the coastal characteristics indicate the existence of suffi¬ 
cient sub-surface water of suitable salinity, wells should be 
used. Another alternative is to draw water by means of per¬ 
forated pipes protected by a 150 pm nylon screen buried 
approximately 1 m deep and connected to a suction system, 
or to use the simple shallow beach wells, as described by 
New (2002). Water sources are more thoroughly discussed 
in section 5.3. 

Pipework is required to distribute seawater and fresh¬ 
water from storage tanks to mixing tanks and from there 
to supply brackishwater to each larval rearing and Artemia 
nauplii hatching tank. The optimum salinity for hatching 
Artemia can vary from 5 p.p.t. to full-strength seawater, de¬ 
pending on the source of cysts, thus full-strength seawater 
may also be piped to Artemia nauplii hatching tanks. A sup¬ 
ply of freshwater, as well as brackishwater, needs to be piped 
to each larval tank in flow-through systems in order to allow 
for adjustments in salinity following siphoning, to replace 
evaporated water and to clean the tanks. All distribution 
systems need to be carefully designed to avoid ‘dead’ areas, 
where stale water can accumulate; ‘ring-main’ systems 
(continuous closed circuits) are one way of avoiding this. 

Drainage of larval tanks is usually by gravity and the 
drainage canals should carry the drained water away with¬ 
out any contamination of the water sources. It is conve¬ 
nient to treat this water with sodium hypochlorite before 
discharge, in order to minimise environmental damage. 

5.2.3 Tank designs and accessories 

The main criteria for choosing the type, shape and size 
of the culture tanks are the building shape and space avail¬ 
able, the timing and number of PL required, and the capac¬ 
ity and the ability to properly circulate and process waste 
products. Larval culture systems vary greatly in the shape 


/ 



Fig. 5.3 Brick larval rearing tanks. 


and size of tanks. Tanks may be oval, cylindrical or rect¬ 
angular (with smooth corners), and may have flat, conical 
or U-shaped bottoms. They may be constructed of fibre- 
glass, polypropylene, epoxy-painted wood, cement-covered 
brick (Fig. 5.3) or asbestos (Fig. 5.4), or some other non¬ 
toxic material. It is essential that the materials used are inert. 
In particular, the interior of cement or cement-lined tanks 
must be painted with epoxy resin to avoid toxic chemi¬ 
cals leaching into the larval rearing water. Law and Yeo 
(1997) stated that cracked fibreglass tanks should not be 
used because phenolic compounds are leached out from 
the fibreglass into the water. 

Larval rearing tank capacity typically ranges from 1 to 
10m 3 . Small hatcheries use 1 to 3 m 3 tanks to minimise 
water consumption and facilitate maintenance. The 3 to 
10 m 3 tanks that tend to be used in medium- to large-scale 
hatcheries are more difficult to maintain (feeding, cleaning, 
aeration, etc.) properly. The depth should be approximately 



Fig. 5.4 Asbestos larval rearing tanks. 
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1 m and the water column not more than 0.9 m. However, 
quite shallow water depth is reported to be used in China 
(Miao Weimin, pers. comm. 1999) and a 2m water col¬ 
umn is used in a hatchery in Brazil (H.P. de Barros, pers. 
comm. 2008). Some hatcheries use small pre-stocking tanks 
to optimise the use of water and food and to enhance man¬ 
agement (Hsieh et al. 1989, Valenti & Tidwell 2006, Valenti 
2007). This system may increase hatchery productivity and 
optimise fixed costs. However, it is not normally used in 
Thai prawn hatcheries which, though recognising that it 
is easier to manage small high-density tanks, consider that 
the damage and loss of larvae during transfer outweighs 
the apparent advantages. Valenti etal. (1998) described the 
main characteristics of tanks used for recirculation systems. 
According to these authors, tank size generally varies from 
1 to 5 m 3 and the water column should be 0.8 to 1.0 m deep 
with a freeboard of 0.15 m. 

One of the most important aspects in choosing the tank 
design and configuration is proper water circulation to 
allow adequate removal of waste products (nitrogen and 
solids) and uneaten feed. Tanks with corners or ‘dead spots’ 
(i.e. poor or no water circulation) will trap solids and 
prevent complete waste removal and proper suspension 
of food. Therefore, cylindrical (or cylindro-conical) or 11- 
shaped tanks are better. However, most hatcheries use flat- 
bottomed tanks. According to New (2002), circular tanks 
are acceptable but once the capacity of the hatchery is in¬ 
creased a lot of small tanks or a few very large ones would 
be needed. Large circular tanks are rather cumbersome to 
use. Round tanks allow better larval distribution, but food 
distribution and tank cleaning operations become difficult, 
especially in the centre of the tank when tanks are too large. 
Such problems are not experienced in rectangular tanks; 
however, there is a tendency for larvae to concentrate in the 
corners and angles of these tanks, which should therefore 
be rendered curved. Cylindrical-conical tanks present easy 
handling. Smooth-sided tanks are advisable since rough- 
textured sides will trap solids and potentially be abrasive to 
the exoskeleton of larvae, thus causing injury. 

Improper flow rates or poor circulation within a tank will 
prevent adequate removal of wastes. As the stocking rate is 
raised, the turnover rate must be accordingly increased. The 
highest stocking rates may require a maximum turnover 
rate of 70 to 100% per hour. A 50 000 L larval culture system 
requiring a 70% turnover rate would require a flow rate of 
35 000 L/h. All pump, filter or disinfecting systems need to 
match these performance requirements. Water circulation 
within the culture tank is usually performed using aeration 
and is such that water circulation is from the centre of the 
tank to the sides and from the top to the bottom. Failure 
to provide adequate circulation will lead to ‘dead spots’ 
where larvae and feed drop out and are trapped near the 
tank bottom. In addition, solid wastes will not be removed 


from the culture tank to be processed by the filters. Such 
conditions can lead to excessive build-up of heterotrophic 
bacteria within the culture tank. 

The bottom of larval tanks is best if sloped slightly 
towards the drain. Drainage is provided by means of a 
turn-down PVC pipe having a diameter varying from 38 
to 76 mm, which is protected by a 150 to 1000 pm nylon 
screen. The choice of screen mesh size depends on the larval 
development stage and needs to be just small enough to re¬ 
tain larvae during water exchange and siphoning processes. 
Some hatcheries use a 150 pm nylon screen throughout all 
phases of culture to avoid lost uneaten Artemia nauplii. 
Larval tanks should be positioned so that they will drain by 
gravity when the turn-down drain is operated. Each tank 
requires an independent supply of air. A brackish and fresh¬ 
water supply should be available close to the tanks to fill up 
the tanks and to reduce salinity when necessary for emer¬ 
gency use and for tank cleaning operations between larval 
rearing cycles, respectively. 

Tank colour, like many other facets of prawn hatchery 
technology, remains controversial. To some, the colour of 
the wall sides and bottom is very important. Some operators 
observe that a dark (black, blue, green) interior gives the best 
results, because animals can detect their food more easily 
against a dark background and larval distribution through¬ 
out the tank is more uniform, thus ensuring proximity to 
food. Lin & Omori (1993) demonstrated that feeding rate 
decreases with lighter colours. The best survival and food 
intake occurs when black tanks are used (Lin 8c Omori 1993; 
Rodrigues etal. 1998). Figure 5.5 shows an overview of rear¬ 
ing tanks in a freshwater prawn hatchery. Yasharian et al. 
(2005) observed that tank colours had no significant impact 
on final postlarval size or days required to reach postlarval 
stage, but they detected a significant difference on survival 
and obtained 71, 78 and 84%, respectively, for black, green 
and red tanks. However, other hatchery operators believe 



Fig. 5.5 Overview of rearing tanks. 
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Fig. 5.6 Rearing tanks at Mississippi State University. 
(Reproduced with permission of William Daniels.) 


larvae find their food not by sight but by tactile response. 
These operators often prefer white tanks to observe the 
larvae and cleanliness of the tank more easily. Rodrigues 
et al. (1998) reported that they found no evidence that 
either sunlight or tank colour affected the capture or in¬ 
gestion of food by freshwater prawn larvae. However, these 
authors found that greater numbers of PL were obtained 
with the use of black, rather than white, tanks irrespective 
of the incidence of sunlight. Furthermore, they reported 
that larger and heavier PL were produced when black tanks 
were used and sunlight was present. However, at Mississippi 
State University (Fig. 5.6) the larval rearing tanks used by 
Daniels et al. (1992) were 8t in capacity; the bottom and 
the lower 0.3 m of the tank sides were painted beige while 
the rest of the tank was left black. With the indirect natural 
light source, this gave a good colour contrast to Artemia and 
allowed the larvae to feed more efficiently. This matter is 
discussed further in section 5.2.6 in the context of lighting. 

Although a UV system is an expensive item, its purchase 
is well worth the expense, especially for the novice. When 
water is properly filtered and has good clarity, UV light will 
kill organisms in the water column. Daniels et al. (1992) 
reported that UV light typically reduced the number of 
bacteria from a very high concentration of 10 6 to 10 9 bac¬ 
teria/ml at the UV device inlet water to a low concentration 
of 1 to 10/ml at outlet. The size of the UV light system 
depends upon the flow rate and the type of organism to be 
killed. Other types of disinfectant systems, such as ozone or 
chlorine, may also be applicable. 

5.2.4 Biological filters 

Biological filters (biofilters) are used in recirculation sys¬ 
tems to remove the inorganic nitrogenous wastes, which 


come primarily from the ammonia produced by larvae and 
live feeds (e.g. Artemia sp.) during excretion and from the 
decomposition of organic matter. The nitrogen is converted 
from ammonia to nitrite and subsequently to nitrate by 
bacteria through the nitrification process. Spotte (1979), 
Kaiser & Wheaton (1983) and Brock et al. (1994) described 
the nitrification of ammonia, which results from a sequen¬ 
tial action of the nitrifying bacteria. The first group oxidises 
ammonia to nitrite and is represented by the genera Nitro- 
somonas and Nitrosococcus\ the second oxidises nitrite to 
nitrate and includes the genera Nitrobacter, Nitrospira and 
Nitrococcus (Brock et al. 1994). The nitrification process 
involves both oxidation and synthesis and consequently 
results in oxygen consumption and alkalinity destruction 
(Kaiser & Wheaton 1983). 

The type and size of biofilters vary. Many different types 
of biofilter designs are acceptable, provided they effectively 
remove all ammonia and nitrite produced during the cycle. 
Valenti et al. (1998) described the main types of biofilters 
which are used in freshwater prawn hatcheries (Fig. 5.7). 
These authors stated that submerged biofilters are preferred 
because they are efficient, simpler and cheaper than others. 
Chowdhury etal. (1993) reported that the submerged biofil¬ 
ters which are horizontally divided into chambers are more 



Fig. 5.7 Main types of biofilters used in freshwater 
prawn hatcheries. (Modified from Valenti et al., 1998, 
with permission of Sao Paulo State University.) 

Key: A = submerged downflow; B = submerged up- 
flow; C = submerged horizontal divided into chambers; 
D = emerged trickling filter; E = biodrum (rotating cylin¬ 
der containing plastic substrate); F = rotating biological 
discs. 
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efficient. Adequate aeration is necessary to maintain proper 
dissolved oxygen (DO 2 ) levels for nitrifying bacteria in sub¬ 
merged biofilters. Griessinger etal. (1989) and Daniels etal. 
(1992) utilised biofilters equivalent to approximately 6 % of 
the volume of the larval culture tanks. Biofilter size has 
varied from 4 to 20% of the rearing tanks. 

Typically, some calcareous material is used as the filter 
medium; smaller particles, such as crushed oyster shell or 
coral, are recommended. Non-calcareous substances (e.g. 
plastic beads) can be used but lack the buffering capacity 
to assist in regulating pH in the range 7.0 to 8.5. If a non- 
calcareous medium is used, pH may have to be maintained 
through the addition of chemicals such as bicarbonates. 
Substrate material can be enclosed in bags fashioned from 
plastic or nylon netting of the appropriate mesh to facili¬ 
tate handling. The total amount of biofilter media required 
depends on the daily maximum ammonia-nitrogen load 
expected in the larval culture system (based on the desired 
level of postlarval production) and the bacterial carrying 
capacity of the filter media being used. The filter media car¬ 
rying capacity is dependent upon several factors, including 
the surface area to volume ratio. Media with a higher sur¬ 
face area to volume ratio will provide more area for bacteria 
to grow. This area depends mainly on the porosity and di¬ 
ameter of the substrate. Valenti etal. (1998) recommended 
using 5 mm particles of crushed shells. Daniels et al. (1992) 
provided an example for calculating the amount of crushed 
coral needed to adequately convert the amount of ammo¬ 
nia (60 g of NH 3 -N) produced by 2 million prawn larvae 
in a 24 hour period. This amount was based on empir¬ 
ically derived data of 30 pg/larvae/day. This is equivalent 
to 226.8 g of ammonium chloride (i.e. 1.0 g of NH 3 -N per 
3.78 g of ammonium chloride) being completely oxidised 
by the biofilter media. A bag of well-maintained crushed 
coral weighing 2.26 kg usually contains a good popula¬ 
tion of nitrifying bacteria which will nitrify 1 g of am¬ 
monium chloride in 24 hours (Daniels et al. 1992). The 
required number of bags of crushed coral would, therefore, 
be 227. 

Biofilters provide media for colonisation by nitrifying 
bacteria. Biofilters are ‘living’ systems that must be ‘acti¬ 
vated’ (or colonised), fed and maintained. Griessinger etal. 
(1989) emphasised the importance of biofilter activation 
in promoting the growth of beneficial bacteria and in the 
efficient removal of nitrogenous waste products. Nitrifying 
bacteria are ubiquitous, but inoculation and activation will 
enhance the efficiency and reduce the start-up time of the 
filter. Many hatcheries do not add ‘activated’ substrate to 
their biofilters and yet obtain good production. However, 
the use of ‘activated’ substrate reduces the likelihood of 
spikes in the level of ammonia or nitrite during the cycle. 
Some hatcheries maintain a tank with activated substrates 
only for emergency situations, when activated substrates 


are transferred to biofilters. When feasible, the biofilter me¬ 
dia should be activated in a separate pre-conditioning tank 
and added to the biofilter as needed to compensate for in¬ 
creases in nitrogenous wastes as feeding and larval biomass 
increase. This allows the media to be maintained at maxi¬ 
mum bacterial loading capacity. Temperature and salinity 
in the pre-conditioning tank should be stable and equal to 
conditions in the larval culture tank. The amount of ‘acti¬ 
vated’ substrate in the biofilter at any time should be able to 
nitrify 100 % of the maximum expected ammonia produced 
by the larvae in 24 hours. Griessinger et al. (1989) stated 
that the maximum substrate (coral) volume, representing 
less than 4% of the total rearing volume, is reached by day 
17 of rearing and a larval stage index (see section 5.4.3) 
of 8.5. 

A procedure for the ‘activation’ or pre-conditioning of 
filter media has been described in Daniels et al. (1992). It 
starts with an inoculation, using water or media from an 
existing system, or can start from scratch. Initially, 10% of 
the required total ammonia is added to the water containing 
the substrate material in the form of ammonium chloride 
(NH 4 CI) or another inorganic source. Once this amount 
is consumed, the same amount is added until that amount 
can be completely converted to nitrates within a 24 hour 
period. The amount of ammonia is then doubled until it is 
completely converted in 1 day. As each level of ammonia is 
consumed within the desired 24 hour period, the amount 
is doubled until the maximum required load is consumed 
daily. The addition of 10 g of NH 4 C1 and 6.25 g of sodium 
nitrite (NaN0 2 ) for each 1000 L ofwater activates ammoni- 
fication and nitrification at the same time. This practice has 
been used successfully in the Aquaculture Centre at Sao 
Paulo State University, Brazil for many years. The ‘breaking 
in’ of biofilters is essential in temperate regions and may 
require 4 to 6 weeks (Valenti & Tidwell 2006). 

Once the maximum bacterial load is achieved, the pro¬ 
duction cycle can begin. However, the bacterial popula¬ 
tion on the media must be maintained at the maximum 
level of ammonia and nitrite consumption. Addition of 
media to the biofilter should coincide with the increase 
of NH 3 -N produced by an increase in the larval biomass 
(Griessinger et al. 1989). Typically, beginning 3 days post¬ 
stocking, increasing amounts of ‘activated’ media must be 
added daily to the biofilter tank. The bacterial population 
provided through daily addition of media should always be 
sufficient to remove all ammonia and nitrite. Upon comple¬ 
tion of the larval cycle, the biofilter media can be removed, 
thoroughly rinsed, and either stored dry or returned to 
the pre-conditioning tank to re-establish and maintain the 
bacterial colony. Alternatively, the substrate can be chlo¬ 
rinated to kill all bacteria, de-chlorinated, and then re¬ 
seeded with stock bacteria from another pre-conditioning 
tank. 
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5.2.5 Mechanical filters 

Mechanical filters remove the solid wastes produced in the 
recirculation system, which consist mainly of faeces, un¬ 
eaten feed and bacterial debris. Mechanical filtration may 
be done in conjunction with the biofilter (e.g. bead filters). 
Solids are also removed daily during the siphoning of the 
tank. 

The use of sedimentation tanks and mechanical filters 
in recirculating hatcheries was discussed in Valenti et al. 
(1998). Sedimentation tanks are useful when a single biofil¬ 
ter is used for all tanks. Different types of mechanical filters 
may be used, but they should be properly sized to match 
the desired flow rates and the size of solids to be removed. 
Examples of mechanical filters include sand filters, drum 
screen filters and expanded media filters (e.g. bead filters). 
These may be upflow or downflow designs and can be eas¬ 
ily cleaned. Because of the relatively low biomass associated 
with hatchery systems, sand or bead filters are adequate. 
Sand filters usually contain a sand particle size of 850 pm. 
Mechanical filters are typically placed prior to UV light 
units and biofilters to maximise their efficiencies. 

These filters require flushing on a regular basis (once to 
several times daily) to prevent any accumulation of organic 
material which causes clogging, channelling and growth of 
potentially pathogenic bacteria. Sand filters may be back- 
washed with freshwater and air to minimise seawater use. 
The size of the filter is usually small, relative to the total 
volume of the system; therefore the introduction of clean 
freshwater is normally not a problem. 

5.2.6 Light requirements 

The topic of light requirements remains controversial. The 
greenwater larval rearing system, which generally fell out 
of favour in commercial hatcheries in the last decade of 
the 20th century (New 1990, 1995), requires light and 
the phytoplankton bloom provides shade for the larvae. 
However, light is consciously kept to a minimum to pre¬ 
vent the growth of phytoplankton in clearwater systems. In 
Thailand, some hatcheries use asbestos or plastic sheeting 
to cover open-air tanks and light seems to be of minimal im¬ 
portance, whilst some others use lamps over rearing tanks, 
even during the day. Many backyard hatcheries completely 
cover their hatchery tanks with black tarpaulin to prevent 
potentially disease-carrying spray, caused by aeration, from 
being wind-transferred to other tanks (New 1995). Raju 
8 t Nair (1992) described Indian hatcheries roofed with 
‘Silkpaulin’, which allowed adequate penetration of natu¬ 
ral light. In Taiwan, transparent roof tiles and special lamps 
for hatcheries were reported by Hsieh et al. (1989). 

Successful rearing has been reported at light intensities 
varying between 250 and 6500 lux (New 2002). In Brazilian 


hatcheries, a natural light intensity of 2000 to 2500 lux 
is supplied in indoor hatcheries through the insertion of 
transparent sections in their roofs. Rodrigues et al. (1998) 
reported that when 2500 lux of artificial light was supplied, 
with and without sunlight incidence, the best larval survival 
was achieved when sunlight was present. According to New 
(2002), natural light is preferable but artificial light can be 
used to increase the intensity on cloudy days and to ex¬ 
tend the day length. Direct exposure to sunlight, however, 
has long been recognised to be detrimental (Fujimura & 
Okamoto 1972). Some indication of the importance of 
spectral quality was seen in fully enclosed hatcheries in 
the UK in the late 1960s and early 1970s (New 1990), es¬ 
pecially at the near-blue UV wavelength (New 1995). The 
use of tungsten lamps or blue-black fluorescent tubes re¬ 
sulted in better larval survival to metamorphosis than the 
use of normal fluorescent tubes (which lack the near-blue 
UV wavelength found in sunlight). To this day, neither the 
optimum intensity nor its spectral quality have been ade¬ 
quately studied. 

Light, especially indirect sunlight, may be extremely im¬ 
portant for freshwater prawn larval feeding. Moller (1978) 
reported that larvae capture food by chance encounter and 
New & Singholka (1985) stressed the importance of main¬ 
taining larval food organisms or particles at densities suf¬ 
ficient to ensure that all larvae have available food in close 
proximity. However, Daniels et al. (1992) reported that 
prawn larvae do feed by sight, as evidenced on cloudy days 
when feed consumption by larvae is significantly reduced. 
Larvae normally respond to a decrease in light intensity 
(e.g. cloudy weather or evening time) by dispersing from 
the normal ‘ring’ formed around the inner perimeter of a 
round tank. Barros & Valenti (1997) observed that while 
most larvae capture food by chance, some larvae swim in 
the direction of the food before catching it. These authors 
postulated that the ability of larvae to detect inert food par¬ 
ticles suspended in the water column (or even live food) 
is a polymorphic characteristic, conditioned by different 
gene alleles. Aquacop (1977) obtained their best production 
when larvae were produced in tanks with dark green walls 
which were located near a window. Those grown in tanks 
in semi-darkness did not develop beyond stage V. Thus, 
sufficient light appears to be necessary to ensure maximum 
food consumption. Indirect natural light produces the best 
results; direct sunlight may cause mortalities by the appar¬ 
ent sun burning of the exoskeleton and artificial light may 
have an inappropriate spectral quality. Typical direct natu¬ 
ral light intensity on a clear day in the southern USA often 
exceeds 30 000 lux but indirect light has a much lower in¬ 
tensity. Ang (1996) recommended that a light intensity of at 
least 6000 lux should be provided for a recirculating hatch¬ 
ery by means of a transparent roof. However, satisfactory 
results have been obtained in an indoor hatchery in Brazil 
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with a light intensity of only about 500 lux. Daniels et al. 
(1992) recommended that, for cloudy days and to extend 
the day length during winter months, intense artificial light 
should be provided. 

The effect of altering photoperiod on larval performance 
is not clear. Lin (1997) reported that, in a trial where prawn 
larvae were fed on Artemia nauplii from the first zoeal stage 
until metamorphosis, continuous light (L:D 24:0) appeared 
to increase food consumption and accelerate larval devel¬ 
opment. Under continuous light, ecdysis occurred at all 
times but was mostly between 1200 and 1800 hours. In the 
other three groups (L:D 4:20; 8:16; 12:12), moulting oc¬ 
curred principally (93%) between 2400 and 0600 hours. In 
a related paper, Lin et al. (1998) reported that the other 
environmental conditions were 15p.p.t. salinity, 28° C and 
a light intensity of 1500 lux throughout the experiment. 
Though there were no significant differences in the carbon 
and nitrogen contents of larvae reared under different pho¬ 
toperiods, results indicated that long periods of daylight, 
especially continuous light, may increase the growth rate, 
gross growth efficiency and assimilation efficiency of prawn 
larvae, thus leading to enhanced production of PL. 


5.2.7 Aeration 

A reliable 24-hour oil-free aeration system is essential for 
all hatcheries, in order to maintain dissolved oxygen levels 
in excess of 5 mg/L. A standby blower should be available 
at all times, as well as an emergency generator where power 
supplies are unreliable. Small, portable and generally cheap 
systems are available in many countries. Radial blowers are 
the most satisfactory and should have sufficient capacity to 
supply all operating tanks (water preparation, broodstock, 
larval rearing and Artemia hatching) simultaneously, at a 
minimum level of 0.5 m 3 /h of air for each cubic metre of 
water. The aeration system is a vitally important facet of 
the hatchery and every effort should be made to protect it 
from accidental damage or disruption. Further suggestions 
for ensuring the reliability of aeration are contained in New 
( 2002 ). 

Air distribution within hatchery tanks is normally 
through the use of 2.5 cm circular porous airstones (~ 1/m 2 
of tank bottom) or 20 mm PVC pipes perforated with a 
0.8 mm drill bit at intervals of 0.3 to 0.5 m. Currently, micro- 
perforated flexible tubes are available, which are more ef¬ 
ficient in distributing air, although they are also more ex¬ 
pensive. Good air distribution within each tank is essential 
to maintain even distribution of larval food and of the lar¬ 
vae themselves. This keeps each larva in close and constant 
proximity to food particles, which most hatchery operators 
view as essential. 


5.2.8 Equipment and maintenance 

In addition to the equipment already mentioned, numerous 
other items are required. Fuller et al. (1992), Angell (1994) 
and Valenti et al. (1998) provided lists of equipment and 
their associated costs for designing a hatchery facility. This 
equipment includes a refrigerator, a stereo microscope, a 
refractometer or other means of measuring salinity, a pH 
meter, a simple balance, heaters, beakers, glass jars, buckets, 
a food blender, siphoning apparatus for tank cleaning, sev¬ 
eral chemicals, etc. Chowdhury et al. (1993) described the 
use of most of them. This equipment is similar to that used 
in other hatchery systems. All equipment needs to be suit¬ 
able for use in seawater systems and to be free of potential 
contamination from the leaching of metals such as cop¬ 
per, brass or zinc. Maintaining equipment, such as pumps, 
blowers and generators, in good general working condition 
is critical and, therefore, they should be checked weekly. 


5.3 Water source and treatment 

Brackishwater is necessary for prawn hatchery operation. It 
is obtained by mixing seawater and freshwater, and needs 
to be of high quality. The freshwater used for this pur¬ 
pose should be as close as is feasible to potable quality 
and be carefully analysed during site selection concerning 
its physical, chemical and biological characteristics. This is 
particularly important in regions where the use of pesti¬ 
cides, herbicides and fertilisers is intensive. However, while 
potable freshwater is ideal, the cost of pre-treated water 
supplies may be expensive. In practice, freshwater sources 
for prawn hatcheries include rivers, irrigation canals and 
wells. 

There are few conclusive studies about the effects of water 
quality on the larval rearing of M. rosenbergii. The general 
issues of water quality are discussed in Chapter 13, but 
this chapter focuses mainly on the grow-out phase. New & 
Singholka (1985) and Valenti (1985) considered it essential 
to perform a complete chemical analysis of the water be¬ 
fore choosing a hatchery water source. Both freshwater and 
seawater should be free from all kinds of pollution, such 
as heavy metals (from industrial sources), herbicide and 
insecticide residues (from agricultural sources), and bio¬ 
logical contamination, indicated by the presence of faecal 
coliforms, which are common in residential and agricul¬ 
tural areas. For example, Law (1995) showed that the oil- 
spill dispersant Corexit 9527 found in Malaysian estuarine 
waters could inhibit the hatching of M. rosenbergii eggs. Tol¬ 
erance levels for various substances are discussed in Chapter 
13, but most of the research has been with juveniles rather 
than broodstock and larvae. 
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Some underground water sources are unsuitable because 
they have particularly high levels of iron and manganese, 
which are lethal to prawn larvae. Angell (1992) found that 
untreated deep well water in Bangladesh was toxic to prawn 
larvae. The cause was unknown but treatment with cal¬ 
cium hypochlorite eliminated the problem. This author 
also stated that adding 10 mg/L of the metal chelating agent 
EDTA to larval rearing water was beneficial. Ismail et al. 
(1990) suggested that the copper level in rearing water 
should not exceed 0.05 mg/L and found that stage V lar¬ 
vae seemed particularly susceptible to copper toxicity. Chan 
et al. (1992) showed that the eggs of M. rosenbergii , when 
incubated at 12 p.p.t. and 30°C, have a relatively high toler¬ 
ance for heavy metals but recommended that the levels of 
cadmium, copper and zinc in larval rearing water should 
not exceed 0.1, 0.057 and 2.97 mg/L, respectively. Copper 
was by far the most toxic of the three metals tested. Larvae 
affected by heavy metal toxicity were shorter and curved in 
appearance. Fitzgerald et al. (1991) has speculated that high 
levels of calcium in water decrease larval survival. The im¬ 
portance of calcium in all stages of the culture of freshwater 
prawns has been rather neglected, but this topic is further 
discussed in Chapters 12 and 13. 

Table 5.1 shows the physical and chemical characteris¬ 
tics of water supplies that have been found suitable for 
freshwater prawn hatcheries. It should be noted that the 
figures in this table are not based on experimental data or 


toxicity tests; they simply provide records of the incoming 
water quality in some successful hatcheries. Experimental 
work has shown that freshwater prawn larvae under rear¬ 
ing conditions can tolerate different levels of some water 
quality parameters than might be deduced from this table 
(see section 5.4.4). Except where brine is used, seawater 
and freshwater are mixed to achieve the hatchery operat¬ 
ing salinity of 12 to 16 p.p.t. This mixed water should also 
be within the range of pH 7.0 to 8.5 and at least 5 mg/L 
dissolved oxygen (D0 2 ). Observations in Thailand indicate 
that water pH outside the locally favoured range of 6.5 to 8.5 
causes decreased growth rate and, sometimes, mass mor¬ 
talities. Mallasen & Valenti (2005) observed that M. rosen¬ 
bergii larvae do not tolerate pH close to 9 and observed 
that total mortality occurs after larval stage VIII under such 
conditions. 

When flow-through systems are chosen, the establish¬ 
ment of a hatchery near good-quality freshwater and sea¬ 
water sources is essential. On the contrary, recirculation 
systems need less than 10 % of the total water requirements 
of open systems during the whole production cycle and wa¬ 
ter can be shipped to the hatcheries. Water transportation 
by trucks is economically and technically feasible and fre¬ 
quently used in India (Prakash 1988), Thailand (Menasveta 
1991) and Brazil (Valenti 1993, 1995). Thus, the proximity 
of hatcheries to grow-out farms or suppliers might be more 
important than their proximity to water sources. 


Table 5.1 Physico-chemical characteristics of water found suitable for use in freshwater prawn 
hatcheries. (Reproduced from New 2002, copyright 2002 with permission of FAO.) 


Variables 

Freshwater (mg/L) 

Seawater (mg/L) 

Brackishwater (mg/L) 

Chloride (Cl) 

40-225 

19 000-19 657 

6600-7900 

Sodium (Na) 

28-100 

5950-10 500 

3500-4000 

Potassium (K) 

2-42 

400-525 

175-220 

Calcium (Ca) 

12-24 

390-450 

175-195 

Magnesium (Mg) 

10-27 

1250-1345 

460-540 

Silicon (Si0 2 ) 

41-53 

3-14 

5-30 

Lead (Pb) 

< 0.02 

<0.03 

<0.3 

Copper (Cu) 

< 0.02 

<0.03 

<0.06 

Zinc (Zn) 

0 . 2 —4.0 

0.03M.6 

<0.03 

Manganese (Mn) 

< 0.02 

<0.4 

<0.03 

Iron (Fe) 

< 0.02 

0.05-0.15 

0.3 

Chromium (Cr) 

< 0.01 

<0.005 

< 0.01 

Dissolved oxygen (D0 2 ) 

>4 

>5 

>5 

Total hardness (as CaCCb) 

<120 

- 

2325-2715 

Total dissolved solids (TDS) 

217 

- 

- 

Ammonia (NH 3 —N) 

- 

- 

< 0.1 

Nitrite (N0 2 -N) 

- 

- 

< 0.1 

Nitrate (NO 3 —N) 

- 

- 

<20 

Hydrogen sulphide (H 2 S) 

- 

- 

- 

pH 

6.5—8.5 

7.0—8.5 

7.0—8.5 

Temperature (°C) 

- 

- 

28-31 
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5.3.1 Freshwater 

Freshwater can be supplied by either ground or surface wa¬ 
ter. Municipal water should be avoided because of residual 
chlorine and the potential of toxic substances from treat¬ 
ment processes and pipes (Valenti 1985). New & Singholka 
(1985) recommended avoiding surface water, which may 
be contaminated. Generally, groundwater is free of solids, 
organics and pollutants. Therefore, wells often supply the 
best freshwater for hatcheries. However, well water may 
contain toxic levels of some minerals. In intensive agricul¬ 
tural areas, well water should be monitored for pesticides 
contamination and high levels of nitrates and phosphorus, 
which result from high nutrient loading. 


5.3.2 Natural seawater 

Natural seawater supplies may originate either from the 
open sea or sometimes from shallow beach wells, where 
natural filtration helps to exclude harmful protozoa and 
bacteria. Usually, locations are chosen where the salinity is 
30 to 35 p.p.t. Although estuarine water can be used, when 
its salinity is above 12 p.p.t., this source is normally avoided 
because the high level of micro-organisms, which require 
enhanced treatment before the water is used. Natural sea¬ 
water from shallow beach wells would be preferable (New & 
Singholka 1985); however, water analyses should be done 
to profile the chemical composition and detect any abnor¬ 
malities or potential toxins (e.g. heavy metals, ammonia). 
The site requires careful choice to avoid pollution or low 
salinity during rainy seasons. Hsieh et al. (1989) reported 
lower M. rosenbergii postlarval production in Taiwan when 
polluted seawater was used in hatcheries. 

Some inland hatcheries in Thailand, the Philippines and 
Bangladesh dilute brine or rock salt with freshwater to 
obtain brackishwater (New 1990; Chowdhury et al. 1993; 
Kongkeo et al. 2008). This reduces the cost of transport¬ 
ing seawater to inland hatcheries. However, ionic com¬ 
position is not always maintained after the dilution. The 
use of natural seawater in M. rosenbergii hatcheries is pre¬ 
ferred because it increases productivity (Daniels et al. 1992; 
Mallasen & Valenti 1998a). The cost is very low for coastal 
hatcheries. On the other hand, truck transportation for 
100 km or more is frequent in Brazil (Valenti 2007) and costs 
(in 2008) about US$,TS>50 to 80/m 3 for every 500 km; 
such costs have stimulated research into the use of artificial 
seawater. 

The volume of seawater required can be calculated by the 
following formula: 

Vmt x Sbw 

Vsw = - 

Ssw 


in which: 

Vsw = saltwater volume; 

Vmt = mixing tank volume; 

Sbw = brackishwater salinity desired; 

Ssw = saltwater salinity. 

5.3.3 Artificial seawater 

Artificial seawater has been successfully used in closed sys¬ 
tem hatcheries. This makes it feasible to set up hatcheries 
far from coastal areas and close to, or integrated with, grow- 
out farms. The use of artificial seawater also considerably 
reduces risks, such as pollution, parasites, and the pres¬ 
ence of prawn competitors and predators in larval rearing 
tanks. Productivity, using artificial seawater, can be higher 
than 40 PL/L; however, the cultivation period maybe about 
10% longer than when natural seawater is used (Mallasen & 
Valenti 1998a). 

Studies aimed at freshwater prawn larval culture using 
artificial brackishwater have been successful in India (Reddy 
et al. 1991; Nair 8t Hameed 1992; Kanaujia et al. 1996) and 
Brazil (Valenti 1993; Silva 1995; Mallasen & Valenti 1997, 
1998a,b). Commercial production using artificial brack¬ 
ishwater is also being performed in these two countries 
(Sebastian 1990; Valenti 1993) and all hatcheries in 
the USA use commercial artificial seawater with success 
(C. Upstrom, pers. comm. 2008). 

Bidwell & Spotte (1985) presented several formulae for 
artificial seawater preparation. Complete formulations con¬ 
taining all the ions are expensive, difficult to obtain and 
non-feasible for commercial hatcheries. Suitable formulae 
with an incomplete ionic composition need to be species- 
specific. The use of artificial salt mixtures is not always 
successful (Daniels et al. 1992; New 1995). Research at 
Mississippi State University (W. Daniels, unpublished data) 
suggests that not all commercially available salt formu¬ 
lations are equally efficacious or properly formulated for 
larval crustacean production. Therefore, caution should be 
used in selecting one for hatchery production. Ions such 
as: Na + , K + , Ca 2+ , Mg 2+ , CD, Br~, HC0 3 ~ and possibly 
S0 4 2- are essential for M. rosenbergii larval rearing (Zang 
etal. 1995; Mallasen & Valenti 1998b). TheMg 2+ /Ca 2+ ratio 
seems to be important and should be between 1.8 and 2.0 
(Zang et al. 1995). On the other hand, the ions Al 3+ , Rb + , 
Zn 2+ , Co 2+ , Cu 2+ , Sr 2+ , Mn 2+ , HP0 4 2 “, L+, Mo0 4 2 ' and 
S 2 0 3 2 ^ may not be essential (Silva 1995; Mallasen & Valenti 
1998b). However, some data suggest that the addition of 
Sr 2+ may shorten the culture cycle (Araujo et al. 2002). 
Larvae reared in an artificial medium containing only es¬ 
sential ions reach the same weight as those reared in natural 
medium but there is a prolongation in the developmental 
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Table 5.2 Chemical composition of artificial 
brackishwater containing only essential ions, used at 
the UNESP Aquaculture Center (Centro de Aquicultura 
da Universidade Estadual Paulista- CAUNESP), Sao 
Paulo State University, Brazil. 


Salt 

Quantity 
(g/m 3 of solution) 

Sodium chloride (NaCl) 

9200 

Magnesium sulphate (MgS 04 . 7 H 20 ) 

2300 

Magnesium chloride (MgCl2.6H 2 0) 

1800 

Calcium chloride (CaCl2.2H 2 0) 

467 

Potassium chloride (KC1) 

200 

Sodium bicarbonate (NaHCCh) 

67 

Potassium bromide (KBr) 

9 


time and an alteration in larval metabolism with higher 
energetic cost (Ismael et al. 2001). In view of the somewhat 
confusing results reported above, it may still be possible 
that brackishwater made from natural seawater may give 
better overall results in the rearing of M. rosenbergii lar¬ 
vae than brackishwater made from artificial seawater; this 
are requires further research for elucidation. The chemical 
composition of a simple artificial brackishwater used for the 
M. rosenbergii hatchery at the UNESP Aquaculture Center 
(Centro de Aquicultura da Universidade Estadual Paulista - 
CAUNESP) in Brazil is shown in Table 5.2. The average 
cost of producing 1 m 3 of 12 p.p.t. brackishwater in Brazil is 
aboutUSS 17butitis cheaper in theUSA-aboutUSS 13°C. 
Upstrom, pers. comm. 2008). 

The water preparation has been described in detail by 
Valenti et al. (1998). The salts are weighed and diluted in¬ 
dividually with previously filtered freshwater. The resulting 
solutions are added to a tank following the order presented 
in Table 5.2 and mixed thoroughly using a PVC stirrer. After 
that, freshwater is added in order to attain 12 p.p.t. salinity. 
The final solution is maintained under strong aeration for 
24 hours and the salinity adjusted, if necessary. 

5.3.4 Water treatment 

Both freshwater and seawater should be treated before us¬ 
age. Initially, the water should be allowed to settle and fil¬ 
tered to remove suspended solids and parasites or preda¬ 
tors, including eggs and larvae. New & Singholka (1985) 
described filters suitable for this purpose, including a sim¬ 
ple beach filter. Valenti (1996) recommended passing wa¬ 
ter through a gravel/sand filter to remove larger parti¬ 
cles and then through a series of cellulose filters with 
a porosity of 5 and 2 pm. Subsequently, the water re¬ 
quires disinfection using UV light (Daniels et al. 1992), 
ozone (Valenti 1996; Reddy et al. 1997) or chlorine and/or 
formalin (New & Singholka 1985; Carvalho & Mathias 


1998). Some hatcheries use a combination of the above 
methods. 

Several problems caused by residual chlorine and ozoni- 
sation have been observed. Thus, the use of ultraviolet (UV) 
sterilisation has been the best choice. However, chlorination 
is more frequently used. In such cases water is typically chlo¬ 
rinated for 1 day with 20 to 50 mg/L of sodium hypochlo¬ 
rite (2-5 mg/L of active chlorine) or calcium hypochlorite 
with the same concentration of active chlorine. Sodium 
hypochlorite is more persistent and not so easily removed 
by aeration, therefore calcium hypochlorite is preferred. 
The residual chlorine is removed by aeration for at least 
6 hours. If chlorine persists or in case of emergency, residual 
chlorine may be removed within a few minutes by adding 
sodium thiosulphate in the mixing tanks at a concentration 
of 3 mg/L for each 1 mg/L of chlorine. Caution should be 
exercised in the use of sodium thiosulphate because it has 
been shown to be toxic. Stage I freshwater prawn larvae have 
exhibited mortality at levels of 100 mg/L sodium thiosul¬ 
phate (W. Daniels, unpublished data) and may be stressed 
at lower levels. It is essential that the water has no resid¬ 
ual chlorine before its use in larval rearing. In Thailand, 
40 to 50 mg/L of formalin is sometimes used to eliminate 
protozoa and bacteria from the seawater used to prepare 
brackishwater. The choice between chlorine and formalin 
may depend on local cost-effectiveness and legality. Further 
details of water treatment can be found in New (2002). 

After disinfection, both freshwater and seawater should 
be stored separately in auxiliary tanks shielded from light 
to avoid algal growth. 


5.4 General management 

The most frequent problems in all hatcheries are usually 
caused by poor management. Hygiene and proper man¬ 
agement are particularly critical for the success of closed 
system hatcheries. Errors during water exchange, waste si¬ 
phoning and during water quality control are more often 
the cause of poor ‘survival’ than disease. Inadequate food is 
another major cause of failure. Good management entails 
constant monitoring of larval development and health. A 
daily routine should be strictly followed. New systems re¬ 
quire more accurate and frequent monitoring to identify 
potential problems. 

5.4.1 Preparation of the culture system 

Initially, the system should be cleaned and flushed with fil¬ 
tered freshwater. Valenti et al. (1998) also recommended 
that tanks, filters and every piece of equipment should re¬ 
main immersed in running water for a few weeks prior to 
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first-time use. This process eliminates toxic substances from 
the material. 

Tanks and biofilters should be filled with brackishwater 
or freshwater and artificial salts. Water prepared using a 
commercially manufactured artificial salt mixture should 
be thoroughly filtered after addition of the salts, because 
most of these products use a protein-based carrier molecule 
that leaves a film or colour. As described in section 5.3.3, 
caution should be used in selecting artificial salt mixtures 
and experimentation with new salts is recommended. 

Water temperature and salinity need to be adjusted to 
optimal larval culture conditions and allowed to stabilise 
prior to stocking. Systems may require adequate heating, 
and it is desirable to provide a controlled water tempera¬ 
ture regardless of air temperature. It should be maintained 
between 28 and 32°C. Salinity should be kept within 12 
to 16p.p.t. (Sandifer et al. 1977; Valenti 1996) and abrupt 
changes should be avoided. Cooper 8; Heinen (1991) re¬ 
ported that the best salinity for stage II M. rosenbergii lar¬ 
vae is 13 p.p.t. However, tolerance to salinity and to other 
environment factors is population-specific and, therefore, 
may vary according to the origin of broodstock. The initial 
salinity can be made lower (5-7 p.p.t.) than the standard 
salinity used for rearing; this allows larvae to be stocked 
directly from the hatching tank, without acclimation. The 
salinity in the culture tank can then be increased by intro¬ 
ducing the salt mixture through the sand filter. Addition of 
either salts or freshwater to adjust salinity during the larval 
culture phase should not be performed via the biofilter tank 
once the biofilter substrate has been added. Bacteria in the 
biofilter are sensitive to sudden changes in temperature and 
salinity. New water should be disinfected and filtered prior 
to introduction into the system. If properly handled and 
processed, the same brackishwater can be used for at least 
two consecutive cycles in M. rosenbergii hatcheries without 
affecting production (Mallasen & Valenti 1998a). 


5.4.2 Procurement and stocking of larvae 

According to New (2002), berried females can be obtained 
from captive broodstock or from the wild, and they should 
be held in slightly brackishwater (~5 p.p.t.) at 25 to 30°C 
and preferably at pH 7.0 to 7.2 until the eggs hatch. Re¬ 
cently, however, Yen & Bart (2008) have reported that the 
survival of larvae from females reared at 0 and 6 p.p.t. was 
higher than those from females reared in 12 p.p.t. This pre¬ 
liminary study, which examined the effect of salinities rang¬ 
ing from 0 to 18 p.p.t., also found that female broodstock 
were larger, reproduced earlier and produced more off¬ 
spring when maintained at low salinities. These authors 
postulated that this fact could significantly impact freshwa¬ 
ter prawn hatcheries using estuarine water where seasonal 


salinity fluctuation is common. Some Indian hatcheries re¬ 
port that larvae obtained from wild broodstock are health¬ 
ier and show double the survival rate (Balamurugan et al. 
2004). Bart & Yen (2003) suggest that domesticated brood¬ 
stock produce larvae that present more uniform develop¬ 
ment and consequently higher survival than wild stocks. 
This subject remains controversial as there is no scientific 
confirmation of these observations. Further studies on wild 
versus domesticated broodstock and the effects of salinity 
on broodstock and larval performance are required. 

Larvae should be healthy and free of debris. Larvae 
should be enumerated (Chapter 4) prior to transfer to the 
culture tank. If larvae are hatched in fresh or low salinity 
water (0-5 p.p.t.), they should be acclimated to the salinity 
and temperature of the larval culture system. If acclimation 
is necessary, a change of 5 p.p.t. or 3°C every 3 to 4 hours 
is recommended. If females are placed into a hatching sys¬ 
tem, it is recommended that larvae be hatched at 4 to 7 p.p.t. 
to facilitate acclimation and transfer to the culture system. 
Some hatcheries in Brazil hatch larvae at zero salinity, while 
others use 5 to 6 p.p.t.; the hatched larvae are then trans¬ 
ferred to larval rearing tanks at 12 p.p.t. within 3 to 4 days 
at the maximum. Collection of larvae for any tank should 
occur over a maximum of 1 to 3 days to minimise the num¬ 
ber of stages present in the culture tank. Collection beyond 
3 days may lead to a disparity in growth rates leading to 
increased cannibalism. 

Levels of sophistication in controlling the density of lar¬ 
vae vary considerably. Where separate hatching tanks are 
used, the presence of larvae in the hatching tanks is ver¬ 
ified by interrupting aeration and using a light source in 
one of the tank extremities to attract the larvae, since these 
animals have positive phototaxy. Once hatching has been 
confirmed, larvae are captured by siphoning into collecting 
buckets where they are counted and transferred to larval 
rearing tanks. Larvae may be counted in 250 ml samples 
taken from the buckets and homogenised by aeration; the 
sample numbers are then averaged. The average is multi¬ 
plied by the bucket volume, thus providing a rough estimate 
of the total numbers present. The larvae are then stocked 
into the larval rearing tanks. A typical Thai hatchery stocks 
10 to 15 kg of berried females (grey-black eggs) in a 3 m 3 
larval tank. Within three days 5 million larvae can be col¬ 
lected. Some hatcheries put the berried females into the 
larval rearing tank partially filled with 0.3 m of 3 to 5 p.p.t. 
water, then simply removing the spent females and raising 
the level of water to 0.8 to 0.9 m and increasing salinity to 
12 to 15 p.p.t. after the larvae hatch. 

New (1990) reported that many early Hawaiian 
hatcheries stocked newly hatched larvae at 60/L, but some 
practised two-stage rearing with an initial stocking density 
of 160/L. In 2008, a typical well-developed Thai hatchery 
using a recirculation system was stocking newly hatched 
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larvae into larval rearing tanks at 100 to 150/L (H. Kongkeo, 
pers. comm. 2008). However, in Supanburi province, where 
backyard hatcheries are mainly located, the maximum 
stocking density did not exceed 100/L and was normally 
60 to 100/L 

Typically the quantity of larvae stocked is determined 
by the number/weight of berried females used rather than 
by a conscious stocking of a defined number of larvae. US 
hatcheries stock 700 to 800 larvae/L in pre-stocking small 
tanks (~380 L); after 7 days they are moved to the final tank 
(C. Upstrom, pers. comm. 2008). Alternatively, larvae are 
stocked at 50 to 100 larvae/L in monophase tanks (Valenti & 
Tidwell 2006). Brazilian hatcheries generally stock 80 to 
100 larvae/L or stock 400 to 800 larvae/L in pre-stocking 
tanks for the first 10 days of rearing (Valenti & Moraes- 
Riodades 2004; Valenti 2007). After that, the density is re¬ 
duced to 60 to 80 larvae/L by transferring to the final lar¬ 
val rearing tanks. Hsieh et al. (1989) reported that inland 
hatcheries in Taiwan at that time often used a multi-stage 
hatchery system with initial stocking rates of 300 to 1000/L 
in 500 L tanks, with transfers to larger tanks as the larvae 
grew. A similar effect may be achieved by stocking larvae at 
a high density in the rearing tanks, at first with a low water 
level; later, the density is reduced by gradually increasing 
the water level. This increases feeding efficiency, as well as 
optimising the use of the stocking area, and eliminates the 
stress caused by transferring larvae mid-cycle. 


5.4.3 Checking and staging larvae 

Larvae should be checked daily to determine their health 
and developmental stage and to control feeding (Aquacop 
1983; Daniels et al. 1992). Aquacop (1983) recommended 
observing the colour, swimming and feeding activity of lar¬ 
vae in the tank. They also suggested observing under the 
microscope the following features: eye surface, antennae, 
gut content, gill area, pereopods, pleopods, telson spines, 
uropod setae and general pigmentation. It is important to 
look for necrosis (opaqueness), external bacteria (black¬ 
ened areas),and missing appendages during observation. 
Healthy larvae are active, display red-brown pigmentation 
and, in the absence of aeration, remain on the water surface. 
On the other hand, when in poor health, they do not feed 
well, practise cannibalism, display blue pigmentation and 
swim irregularly. In the latter case, it is common to observe 
both dead larvae and waste food at the bottom of the tank. 
Tayamen & Brown (1999) developed a simple, objective 
method to score the condition of M. rosenbergii larvae. The 
method is based upon observation of larvae and a scoring 
system based on a condition index that employs a numeri¬ 
cal scale devised by Apgar (1953) to assess health of human 
babies. Figure 5.8 and Table 5.3 give details of this assess¬ 


ment technique. This method has been successfully used in 
the analysis of commercial hatcheries in Thailand, Malaysia 
and the Philippines to highlight problems in management 
(M. Tayamen, pers. comm. 1999). Using this method, lar¬ 
vae scoring high on this system have been demonstrated to 
show better growth and survival (M. Tayamen, pers. comm. 
1999). However, in the experience on one of the authors of 
this chapter in the Aquaculture Centre, Sao Paulo State 
University, Brazil, poor survival was obtained in tanks that 
showed a high condition score during the whole culture 
period; therefore this assessment method should be used 
with caution. 

Daniels et al. (1992) recommended staging larvae once 
daily until the first PL appear in the tank. A stereoscope 
with a range of magnification from 60 to 100 X is recom¬ 
mended for staging and checking guts. A microtitre plate 
may be used to help in examining larvae individually. Ling 
(1969) and Uno & Kwon (1969) developed criteria to stage 
M. rosenbergii larvae. The latter established that there 
were 11 larval stages, which are accepted by most authors 
(Malecha 1983; New & Singholka 1985; Valenti 1985,1996; 
Daniels etal. 1992; New 2002). A rapid technique for moult 
staging has been described by Peebles (1977). Manzi et al. 
(1977) defined a larval stage index (LSI), which is a calcu¬ 
lated weighted average of stage determinations. An example 
of a stage index is: given 30% (0.3) of the larvae identi¬ 
fied as stage 2, 40% (0.4) identified as stage 3 and 30% 
(0.3) identified as stage 4, then the average stage index is 
(0.3 x 2) + (0.4 x 3) + (0.3 x 4) = 3. 

Daniels et al. (1992) also recommended checking larval 
gut fullness twice daily after most of the morning and after¬ 
noon ration of Artemia has been fed. Full guts will appear 
bright orange (i.e. presence of Artemia) and will be pressed 
against the heart and upper carapace. These authors in¬ 
dicated that if guts are not 100% full, additional Artemia 
should be fed and guts re-checked until they become full. 
Aquacop (1983) stated that food consumption is a good in¬ 
dex to estimate larval health. If guts remain less than 100% 
full for several consecutive days, then a problem is assumed. 
This problem may be indicative of stress from poor wa¬ 
ter quality, disease or poor feeding. However, excess food 
consumption has been observed in Macrobrachium ama- 
zonicum larvae (C.R. Maciel & W.C. Valenti, pers. comm. 
2008.). Very high feeding rates may not be desirable and, 
if the same over-consumption occurs in M. rosenbergii, full 
guts may not necessarily be indications of healthy larvae. 


5.4.4 Water quality 

All hatchery systems have common water quality issues 
with differences in management requirements and strate¬ 
gies. In order to maintain water quality, food needs to be 
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Table 5.3 Criteria to determine the condition index for evaluating the larval quality of M. rosenbergii. (Reproduced from after Tayamen & Brown 1999, 
copyright 1999 with permission of Stirling University.) 
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rationed according to larval consumption; cleaning the bot¬ 
tom and water exchange (or circulation) should be regularly 
performed (see section 5.3.4); and adequate tank aeration 
needs to be maintained. Continuous aeration is essential; 
interruptions in supply occur during the daily feeding and 
cleaning operations, but should not be more than 30 min¬ 
utes, to avoid larval stress. At least 5 mg/L of D0 2 should 
be maintained. 

Temperature, pH and salinity should be carefully mon¬ 
itored in flow-through systems, because a large quantity of 
new water is added to the rearing tanks daily. It is essential 
that the water added has the same characteristics as the 
water in the tank; small differences may damage larvae. 
Sudden changes in temperature and pH (even by as little as 
1°C) are more detrimental than gradual variation (New & 
Singholka 1985). Therefore, adequate supplies of water at 
the same temperature should be available for the replace¬ 
ment of siphoning losses or water exchange. Most hatchery 
operators maintain a steady salinity (12-16 p.p.t.) from 
hatching to metamorphosis. However, many hatcheries 
place their berried females directly into rearing tanks filled 
with slightly brackishwater and increase the salinity to the 
normal level after hatching. Others decrease salinity during 
the few days when metamorphosis starts to occur. 

Recirculating systems provide relatively stable water pa¬ 
rameters (Valenti & Mallasen 2002; Valenti et al. 2009). 
The temperature is kept constant (~30°C) by means of 
heaters. Salinity normally remains stable during the culture 
period and does not need to be managed with the excep¬ 
tion of water replacement for evaporation and other losses. 
Dissolved oxygen is maintained constant and above 70% 
saturation level by the aeration system, which satisfies the 
oxygen demands of larvae and Artemia respiration and the 
nitrification process. Low oxygen concentrations may occur 
in the biofilter (Daniels et al. 1992) and should be corrected 
to avoid damaging the nitrification process. 

Water temperature is a critical parameter that governs the 
survival and growth rate of prawn larvae, and thus the du¬ 
ration of each larval stage. The optimum temperature range 
is 28 to 31°C (Rodrigues etal. 1991; Valenti 1996). Ideally it 
should be kept at 30°C. Gomez Diaz (1987) showed that lar¬ 
vae hatched from eggs incubated at 25°C exhibited a wider 
range of tolerance to salinity and temperature than those in¬ 
cubated at 28°C. Soundarapandian et al. (1995) found that 
while temperatures in the range 27 to 33°C had no signifi¬ 
cant effect on survival or the time of emergence of the first 
newly metamorphosed PL, there was a significant effect on 
the total rearing period of each batch. In their experiment, 
the average rearing period (the criteria used to ‘terminate’ 
and harvest the batch were not identified) varied from 42.1 
days in November to December (when the average water 
temperature was 26.9°C) to 35.2 days in July to August 
(when the average water temperature was 33.3°C). Survival 


rates were generally rather poor in these observations, rang¬ 
ing from 26.0 to 35.8%. The best postlarval production rate 
achieved was 35/L, when water temperatures averaged 31° C. 
Experience in Brazil shows that temperatures above 35°C 
can be lethal while in Thailand, problems occur above 33°C. 
In both locations, larvae do not grow well below 25°C and 
the time to attain metamorphosis is much longer. In trop¬ 
ical regions, water temperatures normally remain within 
the optimal range throughout the year. However, during 
colder months, when night-time air temperatures may fall, 
thermostatically-controlled water heaters are used to in¬ 
crease the water temperature to above 27°C. This equip¬ 
ment requires careful use to avoid accidents. Currently, the 
use of heaters in recirculating systems is normal. 

Water pH is influenced by several processes that occur 
in closed systems, including nitrification and respiration by 
prawn larvae, Artemia and other aerobic micro-organisms. 
However, it has been observed that pH is almost stable dur¬ 
ing the culture period (Aquacop 1983, Mallasen & Valenti 
1998a, Valenti & Mallasen 2002, Valenti et al. 2009). This 
is probably related to the relatively low biomass associated 
with larval culture and the relatively good buffering capacity 
of brackishwater. Generally, biofilter substrates (especially 
non-calcareous ones) do not buffer pH efficiently (Bower 
etal. 1981). Thus, periodic addition of buffering substances, 
such as sodium bicarbonate (NaHC0 3 ) and sodium car¬ 
bonate (Na 2 C0 3 ), may be necessary to stabilise pH. The 
pH affects larvae directly as well as the nitrification process, 
carbon dioxide concentration and ammonia/ammonium 
balance. Based on all of these multiple effects, Mallasen & 
Valenti (2005) recommended maintaining pH between 7.5 
and 8.0 for M. rosenbergii hatcheries. 

Inorganic nitrogen compounds (ammonia, nitrite and 
nitrate) are the most important water quality parameters 
in recirculating systems. Monitoring of these compounds 
indicates biofilter condition and system efficiency. Build-up 
of ammonia or nitrite indicates that one or both groups of 
nitrifying bacteria responsible for their conversion to ni¬ 
trate are present in insufficient numbers, or water quality 
conditions are not suitable for their growth. The presence 
of ammonia but little nitrite usually indicates that bacteria 
represented by the genera Nitrosomonas and Nitrosococcus 
are absent, while the presence of nitrite but no ammonia 
indicates the absence of bacteria represented by the gen¬ 
era Nitrobacter, Nitrospira and Nitrococcus. Either condi¬ 
tion can be alleviated by addition of more pre-conditioned 
media. Ammonia and nitrites can cause severe mortality in 
M. rosenbergii larvae. Sub-lethal concentrations ofthesetwo 
compounds can cause cessation in feeding, retardation of 
growth or increased susceptibility to parasites and diseases 
in prawn larvae (Armstrong etal. 1976, 1978). 

In water, ammonia occurs in ionised (NH 4 ) and un¬ 
ionised (NH 3 ) forms. Un-ionised ammonia increases with 
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increasing temperature and pH (Spotte 1979) and has 
a higher toxicity. High levels of ammonia in the water 
inhibit larval excretion (Regnault 1987) and respiration 
(Mallasen & Valenti 2005). M. rosenbergii larvae can tol¬ 
erate high levels of total ammonia nitrogen (8 mg/L); tox¬ 
icity depends mainly on the level of un-ionized ammonia 
(Mallasen 8t Valenti 2005). No deleterious effect was ob¬ 
served for levels of NH 3 -N below 0.5 mg/L; this is therefore 
a safe boundary level. Further studies need to be performed 
to determine the upper un-ionized ammonia limit of toler¬ 
ance for M. rosenbergii. 

Mallasen 8t Valenti (2006) suggest that there are individ¬ 
ual differences in tolerance to nitrite (NO 2 - ) in M. rosen¬ 
bergii larvae. Therefore, the resistance to ambient nitrite 
may be a polymorphic phenotype produced by different al¬ 
lele genes. Despite this, these authors did not find any differ¬ 
ence in larval development submitted to nitrite concentra¬ 
tions of up to 2 mg/L. This experimentally determined value 
indicates a safe concentration for M. rosenbergii hatcheries 
that is much higher than the levels suggested in previous lit¬ 
erature, which ranged from 0.1 to 1.0 mg/L (Wickins 1982: 
Valenti 1985; New 1990; Valenti et al. 1998; Wickins & Lee 
2002 ). 

Nitrate (N0 3 ~) is a stable compound that accumulates 
progressively in closed recirculation systems. Fortunately, 
nitrate presents very low toxicity for M. rosenbergii. Nitrate 
nitrogen has no effect on larvae at levels up to 180 mg/L 
and values as high as 600 mg/L are tolerated (Mallasen et al. 
2003). Valenti 8t Mallasen (2002) established a mathemati¬ 
cal equation to describe nitrate changes during consecutive 
cultures using the same water (Fig. 5.9). According to this 
equation, 180 mg/L N0 3 _ -N would not be exceeded un¬ 
til the 24th culture cycle, when re-using the same water. 



0 10 20 30 40 50 60 


Time of utilisation (days) 

Fig. 5.9 Relationship between nitrate concentration (N) 
and time (T). (Source: Valenti & Mallasen 2002, copy¬ 
right 2002 with permission of Universidade Estadual de 
Maringa.) 


Therefore, nitrate accumulation does not limit the re-use 
of water. 

5.4.5 Feeding strategy 

One of the most important aspects of larval culture is the 
feeding strategy. Larvae should neither be overfed nor un¬ 
derfed. Overfeeding results in accumulation of ammonia 
and/or nitrite and a build-up of organic material, which 
causes a proliferation of bacteria and fouling of the wa¬ 
ter and filtration material. Underfeeding results in poor 
growth, weak animals, cannibalism and an extended larval 
culture cycle. In the vast majority of hatcheries, larvae are 
fed newly hatched nauplii of Artemia and a freshly prepared 
ration (moist diet). However, larval nutritional require¬ 
ments are poorly understood and diets are derived from 
practical observations; this topic is discussed in Chapter 6. 

The establishment of feeding regimes is important in 
maximising feeding efficiency. It involves the choice of the 
type of feed and feeding schedules. Feeds include live organ¬ 
isms, moist inert diet freshly prepared (~20% dry matter) 
and dry inert diet (~90% dry matter). The prey size, mo¬ 
bility and nutrient contents are the main characteristics 
of live food. Rotifers, cladocera and nematodes have been 
evaluated for use as live feed (Lovett 8t Felder 1988, Alam 
et al. 1993a,b; Alam et al. 1995, Silva 8t Rodrigues 1997, 
Thomaz et al. 2004). However, no effective 100% substi¬ 
tute for Artemia nauplii has yet been found (Chapter 6). 
The major characteristics of inert diets are particle size, 
consistency, texture, colour, density and essential nutrients. 
Particle sizes in the 250 to 1190 pm range have been found 
to be ingested by M. rosenbergii larvae without preference 
in all larval stages (Barros 8t Valenti 2003a). This suggests 
that the common practice of providing inert diets of in¬ 
creasing particle size as larvae grow (Corbin et al. 1983; 
Valenti et al. 1998) may not be necessary. No information 
was found about the other inert diet characteristics and this 
is certainly an important avenue for new research. Feeding 
schedules comprise a timetable containing the type, fre¬ 
quency and quantity of feed supplied during the culture 
period. Aquacop (1983), Daniels et al. (1992) and Valenti 
etal. (1998) have described feeding schedules and manage¬ 
ment in closed systems. These authors diverge on several 
aspects, but they agree on the use of Artemia supplemented 
with an inert diet, and on the quantity of feed being adjusted 
based upon consumption. 

The timing of feeding and the procedures used vary 
among hatcheries. Aquacop (1983) and Valenti etal. (1998) 
recommended feeding Artemia nauplii only once daily in 
the late afternoon or evening for nocturnal consumption. 
Carvalho & Mathias (1998) recommended feeding Artemia 
in the morning and afternoon but only during high-density 
pre-stocking of larvae. Daniels et al. (1992) proposed that 
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the quantity of Artemia supplied should be divided during 
the day to maximise the nutritional value of nauplii and to 
avoid waste. These authors made food available to larvae in 
small quantities from daybreak until sunset, by which time 
guts were normally full. According to New (2002), from day 
2 to 4, Artemia nauplii should be fed 5 times per day, with the 
last and main ration supplied in the evening. Valenti et al. 
(1998) and Carvalho & Mathias (1998) recommended two 
or three daily inert diet meals. Aquacop (1983) suggested 
turning off the recirculation system during feeding to avoid 
Artemia leaving the tank. On the other hand, Valenti et al. 
(1998) and Daniels et al. (1992) recommended the use of 
small mesh screens (90-150 pm) to avoid feed losses to the 
biofilter. 

The larvae of M. rosenbergii (Plate 1, facing p. 254) do 
not feed during stage I (Ling 1969). Therefore, Aquacop 
(1983) recommended commencement of feeding the day 
after stocking, when larvae reach stage II. Despite these ob¬ 
servations, Barros 8t Valenti (1997), Valenti etal. (1998) and 
New (2002) recommended feeding Artemia nauplii on the 
first day because many larvae moult to stage II during that 
period. New & Singholka (1985) recommended that inert 
feeds (egg custard diets) could be introduced on the third 
rearing day in flow-through prawn hatcheries in increas¬ 
ing weaning quantities. By the fifth larval rearing day, the 
prepared feeds can be spread over four to five feedings per 
day (in daylight), while Artemia are fed once per day in the 
evening. Aquacop (1983) suggested two daily meals of an 
egg custard diet should be provided in a recirculating system 
given at 0800 and 1200 hours, beginning on day 10. Daniels 
et al. (1992) suggested feeding a prepared feed twice daily 
after larvae have been fed to satiation with Artemia, starting 
on day 10. In Thai hatcheries, live food only is provided 
several times per day for the first 5 to 7 days of the larval 
cycle. From then onwards, feeding of live food is carried out 
once per day in the evening and moist inert diet (egg-custard 
based) is introduced three to four times per day. In Brazilian 
commercial hatcheries, moist inert food is generally sup¬ 
plied from stage V onwards at 0700, 1000 and 1300 hours. 
Some Brazilian hatchery operators provide one application 
of inert food per day to larvae at stage IV in order to wean 
the larvae onto the main type of food used from stage V on¬ 
wards. Soundarapandian et al. (1995) began using an inert 
diet from stage III onwards. In China, Artemia nauplii are 
fed from the third day after hatching onwards, while boiled 
fish flesh or egg is fed from approximately day 10 onwards 
(Miao Weimin, pers. comm. 1999). On the other hand, 
Barros & Valenti (2003a) indicated that less than 50% of 
M. rosenbergii larvae ingest inert diet until stage VI, while 
almost all ingest Artemia nauplii; a dramatic increase in 
the acceptance of moist inert diet occurs at stage VII; from 
stage IX onwards Artemia nauplii, moist and dry inert diets 
are ingested at the same rate. Based on these results, the 


authors suggest a feeding schedule in which only Artemia 
nauplii is supplied up to stage VI; from stages VII to VIII 
the ration should be supplemented with moist inert diet; 
and from stage IX onwards the supplemental diet may be a 
moist or a dry diet, depending on the cost and availability. 

Definition of the appropriate amount of food is 
important, since feeding represents a significant cost as¬ 
sociated with postlarval production. In addition, overfeed¬ 
ing increases the labour costs associated with tank clean¬ 
ing, screen washing, and water quality and larval health 
management. However, an excessively rigorous control of 
feed management might increase labour costs. Aquacop 
(1983) stated that 5 to 50 nauplii/larva should be supplied 
daily, according to larval development. Daniels etal. (1992) 
agreed but found that actual consumption may attain 10 to 
100 nauplii/larva/day. Soundarapandian et al. (1995) used 
Artemia nauplii at 5/ml of larval rearing water from stage 
I to VIII and 10/ml from stage IX to PL in experiments in 
India. New & Singholka (1985) and Valenti et al. (1998) 
recommended that feeding rate should be based on tank 
volume, not on the number of prawn larvae present and 
suggested that 5 to 15 nauplii/ml/day (depending on larval 
stage) were required. Barros & Valenti (2003b) observed 
four levels of Artemia nauplii consumption during larval 
development. The first includes stages II, III and IV with av¬ 
erage consumption of 40 nauplii/day. The second includes 
stages V and VI, with a consumption of approximately 55 
nauplii/day; the third includes stages VII and VIII, with a 
consumption of 80 to 100 nauplii/day. The fourth includes 
stages IX to XI, in which the maximum consumption may 
exceed the load capacity of the tank and a supplementary 
diet is essential. Accordingly, the amount of feed supplied 
in commercial hatcheries generally increases progressively 
during the hatchery cycle. 

Barros & Valenti (2003b) also demonstrated that for 
stages II to VIII, Artemia nauplii ingestion increases with 
increasing nauplii density until it stabilises at a maximum 
value; however, for stages IX to XI, no maximum value 
was found, probably because the size of the nauplii is too 
small to be captured by M. rosenbergii larvae and a sup¬ 
plementary diet is essential. The daily amount of inert diet 
supplied varied between 0.07 and 0.20 mg (dry weight) per 
larva in work by Aquacop (1983). This amount provides 
good guidance but may be adjusted so that there is ap¬ 
proximately one food particle per larva (Daniels etal. 1992; 
Valenti et al. 1998). This can be estimated using visual ob¬ 
servations when the feed is evenly distributed on the water 
surface. Daniels et al. (1992) recommended determining 
the appropriate amount of food to be fed by weighing and 
measuring it volumetrically prior to feeding and then com¬ 
paring it to the amount of excess feed siphoned during tank 
cleaning. Little or no food should remain, otherwise feed 
should be reduced. Aquacop (1983) and Valenti etal. (1998) 
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presented empirical tables, which function as a guide to 
establishing a feeding programme for larvae in closed sys¬ 
tems. However, both papers highlighted the fact that the 
food quantity consumed by the larvae varies considerably 
according to culture conditions. Close observation of the 
larval stage, feeding behaviour, gut content and the leftover 
nauplii and inert diet in the tank is necessary to determine 
the amount of feed supplied. Sometimes larvae take the 
food and then discard it; this indicates a problem, such 
as poor water quality, diseased prawns, or unsuitable food 
particle size, texture or composition. 

Due to high costs and fluctuations in quality of Artemia 
cysts, Nair et al. (2007) tried to replace it by Cyclop-eeze®, 
a commercial larval feed that was claimed to contain the 
highest known level of astaxanthin and omega-3 polyunsat¬ 
urated fatty acids. The results indicated that Cyclop-eeze® 
could economically replace up to 50% of the Artemia nauplii 
and could improve the survival and carotenoid composi¬ 
tion of the M. rosenbergii larvae. On the other hand, Thomaz 
et al. (2004) substituted the rotifer Brachionus plicatilis for 
Artemia nauplii and observed that when the larvae were 
fed with 100% rotifers they died by the 14th day. However, 
they concluded that it was possible to replace 40 or 60% of 
Artemia nauplii. 

5.4.6 Daily operations 

Daniels etal. (1992) and Valenti etal. (1998) supplied step- 
by-step guides for daily tasks associated with freshwater 
prawn recirculation systems. Morning duties include mon¬ 
itoring both the system and the larvae. Water tempera¬ 
ture, flow and level of water should be checked and screens 
cleaned or changed. Water losses by evaporation should be 
replaced with freshwater. Care should be taken to ensure 
that water replacement does not shock either the larvae or 
the biofilter. Mechanical filters should also be monitored 
and cleaned as needed. Larvae are fed ( Artemia or prepared 
diet) and then checked following the steps described in sec¬ 
tion 5.4.3. Artemia nauplii are harvested daily with excess 
quantities frozen for future use and new cysts are prepared 
for hatching. 

In the afternoon, aeration and water flow should be tem¬ 
porarily turned off and visible waste feed and faeces si¬ 
phoned (Fig. 5.10) in order to avoid increases in organic 
matter and subsequent increases in heterotrophic bacteria. 
These are potentially pathogenic bacteria, which compete 
with nitrifying bacteria and contribute to additional in¬ 
organic nitrogen in the water by decomposition. Prior to 
siphoning, the bottom and sides of the tank may also be 
scrubbed to remove all algae and organic accumulations; 
however, during the cleaning, aeration must be maintained 
to prevent larvae from being trapped between the mop and 
sides or bottom of the tank. Daniels et al. (1992) proposed a 



Fig. 5.10 Siphon cleaning system. 


daily cleaning routine beginning by day 3 and ending after 
the appearance of PL. Siphoned waste can be used to esti¬ 
mate larval mortality and feeding rates (see section 5.4.5). 
From day 18 to 20 onwards, siphoning provides an oppor¬ 
tunity to observe the presence of PL. Larvae or PL that are 
removed during the cleaning process are returned to the 
same tank. Once cleaning and siphoning are done, aeration 
is restarted and, if water exchange is to be done that day, it 
normally occurs at this time. Then, larvae are fed again. 

Water quality and larval health are critical for achieving 
good growth and survival. Failure to be attentive to the 
needs of the larvae can cause either chronic or acute larval 
stress. Chronic stress can delay larval development, cause 
poor larval health, and subsequent poor survival, whereas 
acute stress causes immediate mass mortality. Any of these 
can result in decreased production and increased costs. In 
closed systems, daily control of the majority of the water 
quality parameters is not essential because conditions are 
usually stable. However, the nitrification process should be 
rigorously monitored. Nitrite and ammonia levels should be 
measured daily until the system is stable, then both should 
be monitored several times weekly. The amount of moni¬ 
toring is dependent upon the experience of the operational 
management, its confidence in the system and the amount 
of water exchanged daily. Newer systems should be moni¬ 
tored more often to ensure the stability of the system. 

Normally, rearing tanks need some replacement of water 
daily. In recirculating systems, replacement of the amount 
removed during the cleaning (siphoning) process is rela¬ 
tively simple. However, in certain cases where water quality 
is observed to be very poor (e.g. due to an error in feeding) 
a major water exchange may be necessary. In flow-through 
systems, water exchange is essential, especially when inert 
feeding is commenced. In some hatcheries, little or no wa¬ 
ter exchange occurs during the first 5 to 7 days when only 
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live food is provided. After that, the tank water is changed 
every day, or every second day, depending on water quality. 
Some hatchery operators favour a greater water exchange 
every other day, since this stimulates moulting. Water ex¬ 
change at an average of 20 to 30%/day continues until day 
18 to 20. Then, when the first PL are observed, daily wa¬ 
ter exchange is increased to 50 to 60%/day. Again, water 
exchange is observed to stimulate moulting and, at this 
moment, metamorphosis to PL. Thus, increasing the rate 
of water exchange may shorten the period when metamor¬ 
phosis of the batch occurs. This observation is yet to be 
scientifically confirmed. 

Possible diseases (Chapter 14) should be avoided, espe¬ 
cially bacterial populations. Daniels et al. (1992) suggested 
that bacterial concentrations should be monitored several 
times a week using a dilution method or some other type 
of testing. However, they emphasised that decreasing food 
consumption by larvae is an indirect indicator of bacterial 
or water quality problems. An experienced manager can use 
this indicator to identify potential problems and act before 
a major loss of larvae occurs. Bacteria settled on the sur¬ 
face of all submerged materials, including tank walls, form 
biofilms that are more resistant to antibiotics and sanitis- 
ers. Carvalho & Mathias (1998) recommended periodically 
collecting the scrapings from submerged filter and tank 
walls for microscopic analysis. Pseudomonas, Aeromonas, 
Bacillus and Vibrio were the most common genera found 
in M. rosenbergii hatcheries in India (Sahul Hameed et al. 
2003; Jayaprakash et al. 2006; Kennedy et al. 2006; Dass 
et al. 2007), whereas Chryseomonas, Vibrio, Cellulomonas, 
Aeromonas and Pasteurella dominated the water, debris, lar¬ 
vae and tank walls in a hatchery in Saudi Arabia (Al-Harbi 
& Uddin 2004). Most pathogenic bacteria in the water col¬ 
umn or biofilms are autochthonous to the hatchery system 
and maybe opportunistic pathogens. Prevention of disease 
through rigorous water management and sanitation is the 
best methodology for the control of pathogens. Many of the 
chemicals used to treat the larvae cause deformities and/or 
their use may be cost prohibitive. 

Health management depends upon cleanliness and min¬ 
imising the introduction of disease organisms. Massive 
blooms of Zoothamnium, Epistylis and hydroids, which are 
harmful to larvae, occur if hatchery hygiene is inadequate or 
if the incoming water is poorly treated. Every effort should 
be taken to keep equipment, supplies and food clean at 
all times. Precautions should be taken to prevent the in¬ 
troduction of disease organisms or chemical contaminants 
by workers and visitors entering the hatchery. Chemical 
footbaths and washing of hands prior to and when return¬ 
ing to work are recommended (Carvalho & Mathias 1998; 
Valenti et al. 1998). Carvalho & Mathias (1998) recom¬ 
mended cleaning rearing tanks immediately after emptying, 
disinfecting with 50 mg/L formaldehyde solution, rinsing 


with clean freshwater, and then drying. Regular disinfec¬ 
tion of all equipment with a 100 mg/L sodium hypochlorite 
solution, followed by sun-drying, is recommended. The 
transfer of water and equipment from one larval tank to 
another without disinfection must be avoided. All utensils, 
such as beakers, porous stones, hoses and buckets should be 
disinfected every other day using 2.5 mg/L active chlorine, 
rinsed with freshwater and dried prior to storing. Good 
personal hygiene is also advisable and the use of tobacco in 
or around the hatchery should be discouraged. New (1990) 
noted that the use of antibiotics, and sometimes sulpha 
drugs, in larval rearing was commonplace. This practice 
is not normally publicised, and cannot be recommended. 
Hsieh et al. (1989) described the use of the antibiotics chlo¬ 
ramphenicol and tetracycline, as well as furazolidone, for¬ 
malin and iodine, in larval rearing; their indiscriminate use 
was reported to be a problem in Taiwanese hatcheries at 
that time. 


5.5 Growth, survival, production 
and harvesting 

5.5.1 Growth 

M. rosenbergii larvae hatch at about 1.9 mm, grow in size to 
7.7 mm by stage XI, and then decrease slightly as PL (Uno & 
Kwon 1969). Generally, growth is measured by the evo¬ 
lution of larval stages. Ismael et al. (2001) examined the 
growth of M. rosenbergii larvae in artificial and natural sea¬ 
water. There is a decrease in larval dry biomass in stage II, 
probably due to the yolk consumption, but after that the 
biomass increases exponentially with developmental stages 
or days. More precocious larvae reach the PL stage in 20 
and 26 days in natural and artificial brackishwater, respec¬ 
tively. Advancement from one larval stage to the next takes 
about 2 days until larval stage VII. Under good growing 
conditions, the first PL appear on day 19 to 22 (Aquacop 
1983). Valenti et al. (1998) presented a table containing 
the typical number of larval stages represented on a daily 
basis for recirculation systems in Brazil. Malecha (1983) 
graphically presented similar data from semi-flow-through 
systems (greenwater). The picture is similar until day 15, 
when development accelerates and becomes more synchro¬ 
nised in recirculation systems. Three to six larval stages 
may be present in the tank at the same time; however, 
maintaining three or less helps to minimise cannibalism. 
The larval rearing period for closed systems using natural 
brackishwater generally varies from 30 to 35 days at the op¬ 
timum temperature (28-30°C) (Aquacop 1983; Ong 1983; 
Mallasen & Valenti 1998a; Carvalho & Mathias 1998; 
Valenti & Moraes-Riodades 2004; Valenti & Tidwell 2006), 
but can be less than 25 days (Ra’anan & Cohen 1982). 
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5.5.2 Survival 

Survival has been reported to be typically 40 to 50% in flow¬ 
through systems (New&Singholka 1985, Chakraborty et al. 
1999; New 2002) but Thai backyard hatcheries now rou¬ 
tinely achieve 60 to 80% survival. Survival rates above 60% 
in experimental recirculating systems have been reported 
(Ra’anan & Cohen 1982; Ong 1983; Mallasen & Valenti 
1998a). High survival rates (75-80%) have also been ob¬ 
tained in a commercial recirculation system with low-tech 
biofilters in the USA (C. Upstrom, pers. comm. 2008). Sev¬ 
eral factors may affect survival, such as larval, water and 
feed quality, and general management but it seems that 
both commercial and backyard hatcheries that follow good 
hatchery management protocols can achieve good survival 
rates. However, these generalisations need further experi¬ 
mental examination (see the final paragraph of this section). 

Normally, survival is measured only at the end of 
the culture period because it is difficult to estimate sur¬ 
vival/mortalitybysampling. Daniels et al. (1992) suggested 
that survival during the rearing period can be estimated 
daily from the number of dead larvae siphoned with de¬ 
bris. This amount is subtracted from the number of esti¬ 
mated larvae in the culture tank on that day to obtain a 
new estimate. However, cannibalism on dead or weak lar¬ 
vae may reduce the accuracy of this estimation. Usually, 
this method underestimates mortality but can be a good 
indicator of increasing mortality and problems. In flow¬ 
through systems, New & Singholka (1985) observed that 
dead larvae are rapidly devoured by the remaining larvae 
and when dead larvae appear in the tank the problem is al¬ 
ready severe. These authors suggested that if large mortality 
is observed, aborting the larval rearing cycle was better than 
trying remedial actions. 

Quality control of the larvae stocked is very important to 
maximise survival. Research efforts have been made to find 
ways of separating weak from healthy larvae, employing 
their negatively rheotactic and photopositive characteris¬ 
tics (Singh & Philip 1995). Such methods are potentially 
useful in research work but when larvae are observed to 
be weak in a commercial situation it is recommended that 
the whole batch be discarded rather than separating the 
strong from the weak. Some crustacean hatcheries use a 
stress-evaluation test for quality control of PL. Such meth¬ 
ods can also be used in research, but need standardisation 
(Dhert et al. 1992). Cavalli et al. (2000) have described a 
test for ammonia tolerance as a means of detecting different 
nutritional levels in M. rosenbergii larvae. This short-term 
ammonia toxicity test was shown to be a sensitive and re¬ 
producible criterion for larval quality and is therefore a 
potentially useful tool for hatchery operators. 

Final survival to metamorphosis may be variable, even in 
different tanks in the same hatchery. Several management 


practices can increase survival rates. For example, Abreu 
et al. (1998) demonstrated enhanced survival rates when 
substrates (habitats) were placed in larval tanks. Keysami 
etal. (2007) observed that adding Bacillussubtilisto Artemia 
nauplii (10 s cells/ml) when feeding M. rosenbergii larvae 
produced higher larval survival and a faster rate to meta¬ 
morphosis. Greenwater systems were used in pioneering 
work to scale up experimental larval rearing to a commercial 
scale in Hawaii in 1969/1970 (Fujimura & Okamoto 1972). 
However, initial survival rates were low - about 15% in 
1969 (attributed to water pollution due to over-feeding and 
over-exposure to sunlight of late-stage larvae) and nearly 
21% in 1970. Twenty-five years later, Phuong et al. (2006) 
compared a recirculating clearwater system (recycling rate 
of 100-200% daily) and a modified stagnant greenwater 
system, both under different stocking densities of 30, 60, 
90 and 1201arvae/L. The greenwater system yielded sig¬ 
nificantly better, but highly variable, survival rates (32.3- 
92.3%) compared to the recirculating system (27.4-52.5%). 
According to these authors, the presence of algae in the rear¬ 
ing water may help to stabilise water quality and enhance 
the nutritional effects from the feeding of Artemia, hence 
shortening the time required to complete the rearing cycle. 
This in turn may lead to decreased cannibalism of larvae 
and PL, increasing survival. Maciel et al. (2004) also ob¬ 
served an increase in the larval development and health of 
another freshwater prawn species (M. amazonicum) cul¬ 
tured in greenwater in comparison with clear water. Con¬ 
versely, Silva et al. (2007), who reared AL rosenbergii larvae 
in a 150 L cylindrical-conical tank for 28 days with minimal 
water exchange (150% during the whole culture period), 
changing 25% of the water volume every 3 days after the 
first 10 days, reported only 39% survival. However, Aquacop 
(1983) and Cohen & Ra’anan (1989) reported average sur¬ 
vival rates greater than 75% in large recirculating systems. 
The situation therefore remains unclear and the controversy 
between the proponents of greenwater versus clearwater sys¬ 
tems continues. Meanwhile, as noted in the introduction to 
this chapter, most producers, large and small, no longer use 
a greenwater system for rearing freshwater prawn larvae, no 
doubt because of the complexities of effectively balancing 
and managing several differing biological processes. 

5.5.3 Production 

Formerly, freshwater prawn hatcheries typically obtained 
10 to 20PL/L of larval tank capacity (New 1995). How¬ 
ever, it is now common for Thai backyard hatcheries (and 
other Asiatic hatcheries) to achieve a productivity of 40 to 
50 PL/L. Similar densities have been achieved in temperate, 
subtropical and tropical regions of the western Hemisphere 
over the past two decades (Parseval etal. 1989, Valenti 1993, 
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Table 5.4 Characteristics of a typical 10 million PL/yr hatchery, operating with two rearing phases. 


Larval rearing tank type 

#1 (initial stocking) 

#2 (final stocking) 

Number of larval rearing tanks 

8 

16 

Effective volume of each tank (L) 

900 

1800 

Stocking density (larvae/L) 

400 

75 

Total larvae stocked per tank 

360 000 

135 000 

Approximate period of culture (days) 

12 

25 

Estimated survival rate (%) 

Number of larvae to be transferred from #1 to #2 tanks 

75 (range 70-80) 

270 000 

50 (range 40-60) 

Yield of postlarvae (PL/tank) 

- 

67 500 

Total yield of postlarvae/cycle 

Annual production capacity (10 months operation) 

" 

1080 000 

10.8 million 


2007, Valenti & Moraes-Riodades 2004, Valenti & Tidwell 

2006) . Parseval et al. 1989 presented a simulated compar¬ 
ison among different commercial-scale hatchery systems. 
Estimated average productivity values for greenwater, flow¬ 
through and recirculating clearwater systems were 40, 50 
and 60 to 80PL/L, respectively. Ang (1996) reported the 
production of 17 to 50 PL/L in a recirculation system. Pro¬ 
duction for commercial recirculation hatcheries of 60 and 
70 PL/L were reported by Aquacop (1983) and Carvalho & 
Mathias (1998), respectively. A hatchery with eight 900 L 
pre-stocking larval rearing tanks and sixteen 1800 L final 
larval rearing tanks allows a production of 10 million PL/yr 
(Table 5.4). 

In 1995,600 to 800 million freshwater prawn larvae were 
being produced annually from 50 backyard hatcheries in 
Thailand, sufficient to supply 6400 ha of grow-out ponds 
(Suwannatous 1996). Government hatcheries in Thai¬ 
land, which stimulated the development of commercial 
hatcheries through a joint FAO-Royal Thai Government 
project nearly 30 years ago (New et al. 1982), continue to 
produce PL for stocking in open waters (Chapter 17). At 
the end of the millennium, prices for 20- to 30-day-old PL 
were US$ 1.25/1000 in Thailand, the same as in 1993 (New 
1995), indicating some over-supply there at that time. Since 
then, the freshwater prawn sector in Thailand has expanded 
considerably and shortages of PL were reported as a major 
constraint for freshwater prawn culture development there 
by Schwantes et al. (2007). Similar shortages have been re¬ 
ported in Brazil (Valenti & Moraes-Riodades 2004, Valenti 

2007) and India (Balamurugan et al. 2004). 

5.5.4 Harvesting 

Newly metamorphosed prawn PL are about 7 mm long 
and begin to swim and crawl like adult animals. In some 
hatcheries, habitat substrates (e.g. pieces of screening ma¬ 
terial) are put into the larval tanks when PL are observed, 
to provide increased surface area and reduce cannibalism. 


Newly metamorphosed PL are quite salinity-tolerant. In 
Thai commercial hatcheries, 60 to 70% of the larvae have 
normally metamorphosed by day 28. At this time, the re¬ 
maining larvae are transferred to another tank for further 
rearing rather than being discarded as was previously the 
practice (New & Singholka 1985). The salinity of the origi¬ 
nal tank is then reduced to 4 to 5 p.p.t. (rather than totally 
freshwater; this is simply to keep the Artemia alive, not 
because of any requirement of the PL) and dry inert feed 
is introduced, in addition to Artemia and the egg custard 
diet, thus acclimatising PL to ‘grow-out feed’. After ap¬ 
proximately 90% of the larvae have metamorphosed, the 
Brazilian practice is to gradually add freshwater to the tank 
over a period of some hours to 2 days until the salinity 
reaches zero. New (1990) reported that this process can be 
achieved within 2 to 3 hours without stressing the PL; cur¬ 
rent practice in Thai hatcheries is often to complete this 
within 3 to 4 hours. PL are typically acclimatised to fresh¬ 
water (<0.5 p.p.t.) in Chinese freshwater prawn hatcheries 
within 6 to 8 hours (Miao Weimin, pers. comm. 1999). PL 
may remain in this environment at high density for a maxi¬ 
mum of 5 days or are transferred to PL holding tanks. Dur¬ 
ing this holding stage, some hatchery operators feed their PL 
five or more times a day with an inert food (such as egg cus¬ 
tard, spleen, cow liver or a formulated aquafeed). Feeding 
is adjusted to ensure sufficient food to reduce cannibalism. 
Tanks are cleaned by siphoning and approximately 30 to 
50% of the water is replaced daily. 

As noted above, Thai practice is to move late metamor¬ 
phosing larvae to another tank and to reduce the salinity 
for the PL to 4 to 5 p.p.t. If PL have to be kept more than 
5 to 7 days before transfer to grow-out ponds, they are 
transferred to a 10 to 201 holding tank into which nets 
or branches are introduced as habitats where moulting PL 
can shelter. Formulated aquafeeds, sometimes floating fish 
feeds (New 1990) and egg custard (but no spleen or liver) 
are fed. The density in these holding tanks, for periods of 
up to 1 month, is 1500 to 2000/m 2 of tank bottom. Tank 
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cleaning (siphoning) and a 40 to 50% water exchange are 
carried out every 2 or 3 days. An alternative method would 
be to install a simple biofilter to avoid water exchange. 

Daniels et al. (1992) recommended several harvests of PL 
before completion of the production cycle. The first is per¬ 
formed when about 25 to 30% of the larvae have undergone 
metamorphosis. It occurs, generally, between day 23 and 28. 
Two or three subsequent harvests are carried out at three- 
day intervals until the final harvest. Most authors report 
only one harvest, when more than 90% of the larvae have 
undergone metamorphosis (Smith et al. 1976; Ra’anan & 
Cohen 1982; Malecha 1983; New & Singholka 1985; Valenti 
1985, 1996; Cohen & Ra’anan 1989; New 1990). Aquacop 
(1983) recommended cropping of PL when postlarval den¬ 
sity on the bottom of the tank is higher than 2/cm 2 . Delay 
in harvesting may decrease productivity because of the po¬ 
tential loss of PL due to cannibalism by larvae. 

Careful harvesting and counting of PL for packing and 
shipping are important facets of successful hatchery op¬ 
eration. Smith & Hopkins (1977) described an apparatus 
to separate postlarval prawns and Martinez-Palacios et al. 
(1985) presented a method based on the rheotactic be¬ 
haviour exhibited by PL; this avoids the stress claimed to 
be caused by the dip-net harvesting technique described 
by New & Singholka (1985). However, neither method is 
commonly used in commercial hatcheries. Aquacop (1983) 
and Daniels et al. (1992) described harvesting methods in 
recirculation systems. Aeration is discontinued and the wa¬ 
ter is stirred by hand. Most of the PL cling to the tank side. 
Larvae are dipped from the tank and transferred to another 
larval culture tank for continuation of the larval culture or 
into a temporary tank and then returned to the original 
tank. For economic reasons, most commercial hatcheries 
perform only a final harvest and all remaining larvae are 
discarded. Culture water can be pumped out through a 
small mesh screen into a holding tank for future use. The 
number of harvested PL can be estimated by counting them 
in a known volume of water (Aquacop 1983) or weighing 
the total biomass (Aquacop 1977). 

5.5.5 Packing and transportation 

Once harvested, careful packaging and transportation are 
important to maintain the quality of the PL. Usually, PL and 
juveniles are transported in plastic bags filled with water and 
oxygen (New 2002). In Thailand, PL are harvested from lar¬ 
val or holding tanks by using a large dip-net (0.7 x 0.4 m) 
and their numbers estimated before they are immediately 
packaged. Two thousand PL are allocated to each plastic 
packing bag (0.3 x 0.4 m) containing 3 L ofwater. The bags 
are oxygenated for 3 to 5 minutes, after which the bags are 
closed with rubber bands. PL can remain in these bags for 
24 to 36 hours during transfer to farmers’ grow-out ponds. 


which are sometimes many hundreds of kilometres from 
the hatchery. 

In Brazilian hatcheries, harvesting occurs after reduc¬ 
ing the water level in the larval tanks. PL move around 
the sides of the tank and are captured using dip-nets. Af¬ 
ter the number of PL are reduced, the rest are harvested 
externally during final drainage of the tank. PL are then 
concentrated in a smaller tank with continuous aeration to 
facilitate counting. Before packaging, PL are counted using 
a volumetric or a visual standard. In the first method, the 
PL contained in a certain volume or weight are counted, 
and this number is used as a standard. The second method 
consists of counting approximately 2000 to 3000 PL, after 
which they are transferred to a light-coloured bucket filled 
with 5 to 6 L of water. Next, other buckets are filled with the 
same water volume and PL are placed in them, thus visu¬ 
ally matching the number of PL in the counted container. 
Sixty litre plastic bags are used for packaging prawn PL at 
a density of 3000 to 5000 PL (10 mm size) in 12 L of water. 
The water is saturated with oxygen and a ratio of one-third 
water to two-thirds oxygen is maintained in each bag (Fig. 
5.11), which is tightly fastened with an elastic band. 

Vadhyar etal. (1992) found that introducing 10 to 15 mm 
pieces of floating translucent plastic straw as a habitat ma¬ 
terial in model transport containers for PL 10 to 15 M. 
rosenbergii improved survival time, compared to either no 
habitat, sinking black plastic ribbon or sinking white folded 
netting. With plastic straws, 100% survival was obtained 
after 72 hours at 100/L and 24 hours at 200/L packing 
densities. 

In Thailand and Brazil, PL and juveniles are also 
transported in open plastic or closed fibreglass tanks 
(500-1000 L) containing 70 to 80% water, thus significantly 
saving materials and labour. With aeration, each tank can 
accommodate 300 000 to 500 000 PL. Usually, one- to ten- 
ton trucks are used for transporting PL. A one-ton truck can 



Fig. 5.11 Packaging postlarvae (PL) for transport. 
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accommodate about 500 000 PL in plastic bags. Generally, 
the prawns are transferred by night. However, if the trans¬ 
port occurs during the daytime, additional precautions are 
necessary. The floor of the truck is lined with gunny-sacks, 
which helps to prevent heat transfer from the road and from 
the truck exhaust system. A temperature of 20 to 27°C is 
maintained by placing new supplies of crushed ice on top 
of these sacks every 2 to 3 hours; this ensures a high sur¬ 
vival rate during transport. Sometimes trucks with built-in 
cold storage are used to transport 1 to 2 million PL at a 
controlled temperature of 20 to 25°C. A stable water tem¬ 
perature during transport is essential for success. Schmitt & 
Uglow (1993) showed that sudden changes in temperature 
appear to cause stress, as exhibited by increased nitrogen 
efflux rates. Similar stress is caused by handling. In Brazil, 
either surface or air transportation is used to distribute PL. 
For transportation periods of more than 6 hours, the tem¬ 
perature is kept between 20 and 22°C, in order to reduce 
metabolism rates (oxygen consumption and ammonia ex¬ 
cretion) and, consequently, cannibalism. 

5.6 Small recirculation hatcheries 

In many parts of the world, postlarval M. rosenbergii are pre¬ 
dominantly produced in very small ‘backyard’ hatcheries, 
particularly in Asia. These systems involve cheap and sim¬ 
ple structures, use existing farm infrastructure, and are 
operated using either family labour or cheap labour. In 
Brazil, backyard hatcheries using recirculation systems have 
been proposed as a solution that would allow small grow- 
out farmers to become independent of large commercial 
hatcheries (Mallasen & Valenti 1996). Backyard hatcheries 
close to Indian farmers’ living quarters were reported to be 
capable of producing 500 000 PL/yr at a cost of US$ 7.14 to 
9.52/1000 by Rao (1996). 

Valenti et al. (1998) described a backyard recirculation 
hatchery in detail. This system was developed in Brazil 
mainly for installation in small grow-out farms. It is ba¬ 
sically composed of two 1000 L asbestos or fibreglass tanks 
connected to a 250 L horizontal biofilter. The larvae hatch 
in polypropylene boxes or 30 to 50 L buckets. Artemia hatch 
in 20 L plastic bottles reused from discarded materials. Two 
heaters, a simple scale and a 0.5 HP blower are the only new 
equipment to be bought. A freezer, refrigerator, stove and 
blender are usually already available on the farm. Rearing 
tanks and the biofilter can be filled with natural or artificial 
brackishwater. There are no spawning tanks and ovigerous 
females are obtained directly from grow-out ponds. This 
system can be set up in a 15 m 2 area with an investment 
of US$ 4000. Production capacity can reach up to 100 000 
PL/month at an operational cost of approximately US$ 400 
per cycle. 


5.7 Further developments 

Refinements in practical techniques have occurred and dif¬ 
ferences in detail between various hatcheries exist. Despite 
this, no fundamental change in non-recirculation hatchery 
technology (except for a general shift away from the use of 
greenwater) was reported in the literature between 1990 and 
2008. However, the rearing of M. rosenbergii larvae in open 
earthen ponds was reported in Thailand (Tunsutapanich 
et al. 1996); this technique has been improved during the 
current decade (Thongrod et al. 2007). The use of earthen 
ponds for rearing the larvae of another commercially im¬ 
portant freshwater prawn, M. nipponense, has also been 
reported (Wang & Qianhong 1999). 

This method of rearing PL was described in detail by 
Tunsutapanich et al. (1997) and Thongrod etal. (2007). In 
the first study, four 1600 m 2 earthen ponds were filled with 
water of lOp.p.t. salinity. Biological, chemical and physi¬ 
cal treatments were applied to the ponds and continuous 
aeration was provided through tubing. No water exchange 
appears to have occurred during the cycle. Berried females 
(~25 individuals/kg or 40 g each) were introduced into 
cages placed in each pond in sufficient numbers to produce 
two initial larval stocking densities of 4 and 6 million lar¬ 
vae per pond (2.5-3.75/L). Naturally occurring plankton 
comprised the sole food available for the first week of the 
cycle (days 1-7). As the supply of natural food decreased, it 
was supplemented with Artemia nauplii (days 6-15), keep¬ 
ing the Artemia density above 10/L. These nauplii were 
partially (from day 12-15) and then totally (after day 15) 
replaced with (adult) Artemia biomass, which was fed until 
day 21. From this stage onwards, farm-made egg-custard 
diets (containing chicken egg, mussel flesh, squid, etc.) and 
0.5 to 1.0 mm particulate diets were fed until the PL were 
harvested. A natural growth of sea grass ( Ruppia maritima) 
was observed after the first week and was thought to help to 
maintain good water quality conditions. A modified 60 m 
seine net with a mesh opening size of approximately 2 to 
3 mm was used for harvesting. The first metamorphosing 
animals were observed after 13 days at the lower density 
and 14 days at the higher. Survival rates were estimated to 
be around 68% at both stocking densities. Final harvests, 
achieved within 29 to 35 days, were 2.75 million PL at the 
lower stocking density and 4.05 million PL at the higher 
density. 

Efforts to improve this technique reported by Thon¬ 
grod et al. (2007) have included the use of smaller ponds 
(400 m 2 ), an increase in the number of aeration pipes to 
cover the whole pond bottom, and an increase in stock¬ 
ing density to 7.5/L. Productivity increased to 5 PL/L and 
total production attained 2 million PL per 400 m 2 pond. 
This novel technology offers significant opportunities for 
increasing the supplies of PL, decreasing the volume of 
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Artemia cysts required, decreasing the consumption of wa¬ 
ter, shortening the larval cycle time (compared to con¬ 
crete/fibreglass tanks), and utilising less labour. In addition, 
this technique offers the possibility that even the relatively 
unsophisticated backyard hatcheries may be less necessary 
in future. 

Research on recirculation systems has paid off and is 
being translated into commercial practice. Due to the need 
to develop sustainable aquaculture techniques that conserve 
vital water supplies and minimise effluent discharge, these 
methods are likely to be increasingly applied in the future. 

Chinese papers on M. rosenhergii research are rapidly 
expanding but usually appear only in Chinese agricultural 
journals and fisheries magazines. Some of these papers refer 
to topics relevant to this chapter but provide only a title or 
an extremely brief abstract in English, so it is impossible 
to include information from them here. It is to be hoped 
that such research results will soon become available to a 
wider audience through publication, in English, in interna¬ 
tional aquaculture journals. Since China is now the major 
producer of farmed freshwater prawns (Chapters 1 and 17) 
it is certain that it has much to contribute to our scientific 
understanding of hatchery systems and management. 


5.8 References 

Abreu, V.L.B., Facanha, S.C. & Pinheiro, S.M.X. (1998) Influencia 
do substrato no aumento da produ^ao de pos-larvas do camarao 
da Malasia ( Macrobrachium rosenbergii), pela sua utiliza^ao nos 
tanques de cultivo durant todo periodo larval. In Anais do Aqui- 
cultura Brasil ’98, 2-6 novembro 1998, Recife, Vol. 2: Trabalhos 
Cientificos, pp. 415-22. World Aquaculture Society (Latin Amer¬ 
ican Chapter), Baton Rouge. 

1-Harbi, A.H. & Uddin, M.N. (2004) Quantitative and qualitative 
study of the bacterial flora of farmed freshwater prawn ( Mac¬ 
robrachium rosenbergii ) larvae. Journal of Applied Ichthyology 
20:461-5. 

Alam, M.J., Ang, K.J. & Cheah, S.H. (1993a) Use of Moina mi- 
crura (Kurz) as an Artemia substitute in the production of 
Macrobrachium rosenbergii (de Man) post-larvae. Aquaculture 
109:337-49. 

Alam, M.J., Ang, K.J., Cheah, S.H., Ambak, M.A. & Saad, C.R. 
(1993b). Effects of Moina micrura (Kurz) from two different 
culture sources as a replacement of Artemia spp. in production 
of Macrobrachium rosenbergii (de Man) postlarvae. Aquaculture 
and Fisheries Management 24:47-56. 

Alam, M.J., Ang, K.J. & Begum, M. (1995) Replacement of Artemia 
with Moina micrura in the rearing of freshwater shrimp larvae. 
Aquaculture International 3:243-8. 

Ang, K.J. (1996) A recirculated biostream hatchery system for larval 
culture of Macrobrachium rosenbergii (De Man). In Abstracts of 
World Aquaculture *.96', 29 January-2 February 1996, Bangkok, 
(Ed. by L.R. Creswell), pp. 202-3. World Aquaculture Society, 
Baton Rouge. 


Angell, C.L. (1992) Inland freshwater prawn hatcheries: introduc¬ 
ing a new technology in Bangladesh. Bay of Bengal News 48:15- 
18. 

Angell, C.L. (1994) Promotion of small-scale shrimp and prawn 
hatcheries in India and Bangladesh. Bay of Bengal Programme 
Report 66. Bay of Bengal Programme, Madras. 

Apgar, V. (1953) A proposal for a new method of evaluation of the 
new-born infant. Current Research in Anesthesia and Analgesia 
32:260-7. 

Aquacop (1977) Macrobrachium rosenbergii (De Man) culture in 
Polynesia: progress in developing a mass intensive larval rearing 
technique in clear water. Proceedings of the World Mariculture 
Society 8:311-19. 

Aquacop (1983) Intensive larval rearing in clear water of Macro¬ 
brachium rosenbergii (De Man, Anuenue Stock) at the Centre 
Oceanologique du Pacifique, Tahiti. In CRC Handbook of Mari¬ 
culture, Vol 1: Crustacean Aquaculture, (Ed. by J.P. McVey & J.R. 
Moore), pp. 179-87. CRC Press, Boca Raton. 

Araujo, M.C., Ismael, D. & Valenti, W.C. (2002) Contribution of 
strontium ion in formulation of artificial sea water used in larvi- 
culture of giant river prawn, Macrobrachium rosenbergii. Journal 
of Applied Aquaculture 12(3): 13-22. 

Armstrong, D.A., Stephenson, M.J. & Knight, A.W. (1976) Acute 
toxicity of nitrite to larvae of the giant Malaysian prawn, Mac¬ 
robrachium rosenbergii. Aquaculture 9:39-46. 

Armstrong, D.A., Chippendale, D., Knight, A.W. & Colt, J.E. (1978) 
Interaction of ionized and un-ionized ammonia on short-term 
survival and growth of larvae Macrobrachium rosenbergii. Bio¬ 
logical Bulletin 154:15-31. 

Balamurugan, P., Mariappan, P. & Balasundaram, C. (2004) Im¬ 
pacts of mono-sex Macrobrachium culture on the future of seed 
availability in India. Aquaculture Asia 9(2): 15-16. 

Barros, H.P. & Valenti, W.C. (1997) Comportamento alimentar 
do camarao de agua doce, Macrobrachium rosenbergii (De Man, 
1879) (Crustacea, Palaemonidae) durante a fase larval: analise 
qualitiva. Revista Brasileira de Zoologia 14:785-93. 

Barros, H.P. & Valenti, W.C. (2003a) Food intake of Macrobrachium 
rosenbergii during larval development. Aquaculture 216:165- 
76. 

Barros, H.P. & Valenti, W.C. (2003b) Ingestion rates of Artemia 
nauplii for different larval stages of Macrobrachium rosenbergii. 
Aquaculture 217:223-33. 

Bart, A.N. & Yen, P.T. (2003) Comparison of larval performance 
between Thai and Vietnamese freshwater giant prawn, Macro¬ 
brachium rosenbergii (De Man): a preliminary study. Aquaculture 
Research 34:1453-8. 

Bidwell, J.P. & Spotte, S. (1985) Artificial Seawater: Formulas and 
Methods. Jones & Bartlett, Woods Hole. 

Bower, C.E., Turner, D.T. & Spotte, S. (1981) pH maintenance in 
closed seawater culture systems: limitations of calcareous fil- 
trants. Aquaculture 23:211-17. 

Brock, T.D., Madigan, M.T., Martinko, J.M. & Paeker, J. (1994) 
Biology of Microorganisms. Prentice Hall, Englewood. 

Brune, D.E. & Gunther, D.C. (1981) The design of a new high 
rate nitrification filter for aquaculture water reuse. Journal of the 
World Mariculture Society 1:20-31. 

Carvalho, J. & Mathias, M.A.C. (1998) Larvicultura em sistema 
fechado estatico. In Carcinicultura de Agua Doce: Tecnologia 



82 


Freshwater Prawns 


para a Produ^ao de Camardes , (Ed. by W.C. Valenti), pp. 91— 
110. Funda^ao de Amparo a Pesquisa do Estado de Sao Paulo 
(FAPESP), Sao Paulo and Instituto Brasileiro do Meio Ambiente 
e dos Recursos Naturais Renovaveis (IBAMA), Brasilia. 

Castro, P.F., Pertsew, K.C.R., Cavalcanti, L.B. 8c Cordeiro, E.A. 
(1988) Pesquisa sobre produ^ao de pos-larvas do camarao 
de agua doce Macrobrachium rosenbergii em sistema de 
recircula^o. In Anais do VI Simpdsio Latinoamericano Aquicul- 
tura e VSimposio Brasileiro de Aquicultura, 17-22 abril 1988, Flo- 
rianopolis, (Ed. by P. Nasciemento, J.B.R. Rodrigues, Y.M. Muller, 
E. Andreatta, S.Z. Gomes 8c A.R.M. Magalhaes), pp. 645-51. 
Associa^ao Brasileira de Aquicultura (ABRAq), Florianopolis. 

Cavalcanti, L.B., Correia, E.S. 8c Cordeiro, E.A. (1986) Camarao: 
Manual de Cultivo do Macrobrachium rosenbergii. Aquaconsult, 
Recife. 

Cavalli, R.O., Van den Berghe, E., Lavens, P., Thuy, N.T.T., Wille, 
M. 8c Sorgeloos, P. (2000) Ammonia toxicity as a criterion for 
the evaluation of larval quality in the prawn Macrobrachium 
rosenbergii Comparative Biochemistry and Physiology 125C:333- 
43. 

Chakraborty, C, Chatterjee, T.K. 8c Chakraborty, S.K. (1999) Wa¬ 
ter quality of larval rearing system of giant freshwater prawn 
Macrobrachium rosenbergii (De Man). Environment and Ecology 
17:432-5. 

Chan, K.Y., Law, A.T. 8c Cheah, S.H. (1992) Toxicity of heavy metals 
to Macrobrachium rosenbergii eggs. In Abstracts of the 3rd Asian 
Fisheries Forum, 26-30 October 1992, Singapore, p. 63. Asian 
Fisheries Society, Manila. 

Chowdhury, R., Bhattacharjee, H. & Angell, C. (1993) A Manual for 
Operating a Small-scale Recirculation Freshwater Prawn Hatchery. 
Bay of Bengal Programme, Madras. 

Cohen, D. 8c Ra’anan, Z. (1989) Intensive closed-cycle Mac¬ 
robrachium rosenbergii hatchery: biofiltration and production 
strategy. In Anais do III Simposio Brasileiro sobre Cultivo de Ca¬ 
marao, 15-20 outubro 1989, Joao Pessoa, Vol. 2: Camarao deAgua 
Doce e Outros , (Ed. by M.M.R. Martins, E.S. Correia 8c J.M. Cav- 
alheiro), pp. 49-69. MCR Aquacultura, Joao Pessoa. 

Cooper, R.K. 8c Heinen, J.M. (1991) A starvation test to determine 
optimal salinities for larval freshwater prawns, Macrobrachium 
rosenbergii. Comparative Biochemistry and Physiology 100A:537- 
42. 

Corbin, J.S., Fujimoto, M.M. 8c Iwai, T.Y. (1983) Feeding prac¬ 
tices and nutritional considerations for Macrobrachium rosen¬ 
bergii culture in Hawaii. In CRC Handbook of Mariculture, Vol. 
I: Crustacean Aquaculture, (Ed. by J.P. McVey 8c J.R. Moore), 
pp. 391-412. CRC Press, Boca Raton. 

Correia, E.S., Martins, M.M.R., Maia Filho, M.A. 8c Cavalcanti, 
M.A.A.U. (1988) Modelo artesanal de produ^ao de pos-larvas 
do camarao Macrobrachium rosenbergii. In Anais do VI Simpdsio 
Latino Americano Aquicultura e V Simpdsio Brasileiro de Aquicul¬ 
tura, 17-22 abril 1988, Floriandpolis, (Ed. by P. Nascimento, J.B.R. 
Rodrigues, Y.M. Muller, E. Andreatta, S.Z. Gomes 8c A.R.M. 
Magalhaes), pp. 652-6. Associa^ao Brasileira de Aquicultura 
(ABRAq), Florianopolis. 

Daniels, W.H., D’Abramo, L.R. 8c Parseval, L.D. (1992) Design 
and management of a closed, recirculating ‘clearwater’ hatchery 
system for freshwater prawns, Macrobrachium rosenbergii De 
Man, 1879. Journal of Shellfish Research 11:65-73. 


Dass, B.K.M., Venugopal, M.N., Karunasagar, I, 8c Karunasagar, 
I, (2007) Bacteria associated with biofilms in a Macrobrachium 
rosenbergii hatchery. Asian Fisheries Science 20:299-307. 

Dhert, P., Lavens, P. 8c Sorgeloos, P. (1992) Stress evaluation: a tool 
for quality control of hatchery-produced shrimp and fish fry. 
Aquaculture Europe 17(2):6-10. 

Fitzgerald, W., Nelson, S.G. 8c Brock, J. (1991) Production of aqua¬ 
culture seed for commercial farms in Guam and the Western 
Pacific Region. Project Update, July 1991. Center for Tropical 
and Sub-tropical Aquaculture, Guam, USA. 

Fujimura, T. 8c Okamoto, H. (1972) Notes on progress made in de¬ 
veloping a mass culturing technique for Macrobrachium rosen¬ 
bergii in Hawaii. In Coastal Aquaculture in the Indo-Pacific Re¬ 
gion, (Ed. by T.V.R. Pillay), pp. 313-27. Fishing News Books, 
Blackwell Science, Oxford. 

Fuller, M.J., Kelly, R.A. 8c Smith, A.P. (1992) Economic analysis 
of commercial production of freshwater prawn, Macrobrachium 
rosenbergii De Man, 1879 postlarvae using a recirculating ‘dear- 
water’ culture system. Journal of Shellfish Research 11:75-80. 

Gomez Diaz, G. (1987) Effect of environmental embryonic tem¬ 
perature on larval development of Macrobrachium rosenbergii. 
Journal of Experimental Marine Biology and Ecology 114:39- 
47. 

Griessinger, J.M., Robin, T., Pollet, T. 8c Pierre, M.J. (1989) Progress 
in use of biological filtration in mass production of Macro¬ 
brachium rosenbergii in closed system in French Guiana. Journal 
of the World Aquaculture Society 20(1):41 A. 

Hsieh, C.H., Chao, N.H., Gomes, L.A.O. 8c Liao, I.C. (1989) Cul¬ 
ture practices and status of the giant freshwater prawn, Mac¬ 
robrachium rosenbergii, in Taiwan. In Anais do III Simpdsio 
Brasileiro sobre Cultivo de Camarao, 15-20 outubro 1989, Joao 
Pessoa, Vol. 2: Camarao de Agua Doce e Outros, (Ed. by M.M.R. 
Martins, E.S. Correia 8c J.M. Cavalheiro), pp. 85-109. MCR 
Aquacultura, Joao Pessoa. 

Hudon, C.G., Adison, E.D. 8c Matson, A.L. (1989) Effects of high 
pH on the mortality of Macrobrachium rosenbergii postlarvae in 
green and clear water. Journal of the World Aquaculture Society 
20(1):24A. 

Ismael, D., Valenti, W.C. 8c de Oliveira, J.A. (2001) Physiological 
status of Macrobrachium rosenbergii larvae reared in artificial 
brackishwater. Nauplius 9:133-40. 

Ismail, P., Mohamed, M.N. 8c Cheah, S.H. (1990) Toxicity of copper 
to larval and postlarval stages of Macrobrachium rosenbergii. In 
Proceedings of the 2nd Asian Fisheries Forum, 17-22 April 1989, 
Tokyo, (Ed. by R. Hirano 8cI. Hanyu), pp. 927-30. Asian Fisheries 
Society, Manila. 

Jayaprakash, N.S. Rejish Kumar, V.J., Philip, R. 8c Bright Singh, I.S. 
(2006) Vibrios associated with Macrobrachium rosenbergii (De 
Man, 1879) larvae from three hatcheries on the Indian southwest 
coast. Aquaculture Research 37:351-58. 

Kaiser, G.E. 8c Wheaton, F.W. (1983) Nitrification filter for aquatic 
culture systems: state of the art. Journal of the World Mariculture 
Society 14:302-24. 

Kanaujia, D.R., Pani, K.C. 8cMohanty, A.N. (1996) Seed production 
of Macrobrachium malcolmsonii (H.M. Edwards) in synthetic 
seawater. Journal of Aquaculture in the Tropics 11:259-62. 

Kennedy, B., Venugopal, M.N., Karunasagar, I. 8c Karunasagar, I. 
(2006) Bacterial flora associated with the giant freshwater prawn 



Hatchery Systems and Management 


83 


Macrobrachium rosenbergii in the hatchery system. Aquaculture 
261:1156-67. 

Keysami, M.A., Saad, C.R., Sijam, K., Daud, H.M. 8c Alimon, A.R. 
(2007) Effect of Bacillus subtilis on growth development and 
survival of larvae Macrobrachium rosenbergii (De Man). Aqua¬ 
culture Nutrition 13:131-6. 

Kongkeo, H., New, M.B. 8c Sukumasavin, N. (2008) The successful 
development of backyard hatcheries for crustaceans in Thailand. 
Aquaculture Asia XIII(1):8-11. 

Law, A.T. (1995) Toxicity study of the oil dispersant Corexit 9527 
on Macrobrachium rosenbergii (De Man) egg hatchability by us¬ 
ing a flow-through bioassay technique. Environmental Pollution 
88:341-3. 

Law, A.T. 8c Yeo, M.E. (1997) Toxicity of phenol on Macrobrachium 
rosenbergii (de Man) eggs, larvae, and post-larvae. Bulletin of 
Environmental Contamination and Toxicology 58:469-74. 

Lin, X.T. (1997) Influence of photoperiod on food consump¬ 
tion and development of Macrobrachium rosenbergii larvae. 
Oceanologia et Limnologia Sinica 28:13-20. 

Lin, X. 8c Omori, M. (1993) Effect of container coloration on the 
feeding rates of the zoeal larvae of the giant freshwater shrimp 
Macrobrachium rosenbergii. Bulletin of the Plankton Society of 
Japan 40:19-25. 

Lin, X.T., Qi, S., Cao, S.J. 8c Huang, C.J. (1998) Influence of pho¬ 
toperiods on growth and energy budget of Macrobrachium rosen¬ 
bergii larvae. Oceanologia et Limnologia Sinica 29:119-27. 

Ling, S.W. (1969) The general biology and development of Macro¬ 
brachium rosenbergii (DeMan). FAO Fisheries Report 57(3):589- 
606. 

Lovette, D.L. 8c Felder, D.L. (1988) Evaluation of the rotifer Bra- 
chionus plicatilis as a substitute for Artemia in feeding larvae of 
Macrobrachium rosenbergii. Aquaculture 71:331-8. 

Maciel, C.R., Louren^o, F. 8c Bastos, S. (2004). Larvicultura de 
Macrobrachium amazonicum: compara^ao entre o desempenho 
do sistema verde de cultivo e o sistema aberto com agua clara. 
In Anais do Aquaciencia 2004, 24—28 May 2004, Vitoria, p. 186. 
Sociedade Brasileira de Aqiiicultura e Biologia Aquatica, Jaboti- 
cabal. 

Malecha, S.R. (1983) Commercial seed production of the freshwa¬ 
ter prawn, Macrobrachium rosenbergii in Hawaii. In CRC Hand¬ 
book of Mariculture, Vol. 1 : Crustacean Aquaculture, (Ed. by J.R 
McVey 8c J.R. Moore), pp. 205-30. CRC Press, Boca Raton. 

Mallasen, M. 8c Valenti, W.C. (1996) Sistema fechado simples de 
larvicultura de Macrobrachium rosenbergii-parte I. Informativo 
do GTCAD 21:2-4. 

Mallasen, M. 8c Valenti, W.C. (1997) Variation of nitrogen com¬ 
pounds in a closed system of a Macrobrachium rosenbergii (De 
Man, 1879) hatchery. In Abstracts of World Aquaculture 5 97', 19- 
23 February 1997, Seattle, p. 305. World Aquaculture Society, 
Baton Rouge. 

Mallasen, M. 8c Valenti, W.C. (1998a) Comparison of artificial and 
natural, new and reused, brackishwater for the larviculture of the 
freshwater prawn Macrobrachium rosenbergii in a recirculating 
system. Journal of the World Aquaculture Society 29:345-50. 

Mallasen, M. 8c Valenti, W.C. (1998b) Efeito da composi^ao ionica 
da agua do mar artificial no desenvolvimento de larvas de Mac¬ 
robrachium rosenbergii (De Man, 1879) (Crustacea, Decapoda) 
no estagio II. Acta Scientiarum 20(2): 195-200. 


Mallasen, M. 8c Valenti, W.C. (2005) Larval development of the gi¬ 
ant river prawn Macrobrachium rosenbergii at different ammonia 
concentrations and pH values. Journal of the World Aquaculture 
Society 36:32-41. 

Mallasen, M. 8c Valenti, W.C. (2006) Effect of nitrite on larval 
development of giant river prawn Macrobrachium rosenbergii. 
Aquaculture 261:1292-8. 

Mallasen, M., Valenti, W.C. 8c Ismael, D. (2003) Effects of ni¬ 
trate concentration on larval development of Macrobrachium 
rosenbergii (De Man, 1879). Journal of Applied Aquaculture 
14(3/4):55-69. 

Manzi, J.J., Maddox, M.B. 8c Sandifer, P.A. (1977) Algal supplement 
enhancement of Macrobrachium rosenbergii (De Man) larvicul¬ 
ture. Proceedings of the World Mariculture Society 8:207-23. 

Martinez-Palacios, C.A., Oliveira Novoa, M.A. 8c Chavez-Martinez, 
C. (1985) A simple apparatus for self-preparation of postlar- 
val prawns, Macrobrachium spp., in mixed larval rearing tanks. 
Aquaculture and Fisheries Management 16:341-8. 

Menasveta, P. (1991) Use of salt-pan brine for shrimp and prawn 
larviculture in Thailand. European Aquaculture Society Special 
Publication 15, pp. 363-7. European Aquaculture Society, Ghent. 

Moller, T.H. (1978) Feeding behaviour of larvae and postlar¬ 
vae of Macrobrachium rosenbergii (De Man) (Crustacea: Palae- 
monidae). Journal of Experimental Marine Biology and Ecology 
35:251-8. 

Nair, C.M. 8c Hameed, M.S. (1992) Commercial production 
of scampi seed using synthetic brackishwater. In Freshwater 
Prawns. Proceedings of the National Symposium on Freshwater 
Prawns (Macrobrachium spp.), 12-14 December 1990, Kochi, 
(Ed. by E.G. Silas), pp. 152-5. Kerala Agricultural University, 
Thrissur. 

Nair, C.M., Salin, K.R. 8c Kumar, K.A. (2007) Use of cyclop-eeze as a 
substitute for Artemia nauplii in larval rearing of giant freshwater 
prawn Macrobrachium rosenbergii (De Man 1879). Aquaculture 
Nutrition 13:88-93. 

New, M.B. (1990) Freshwater prawn culture: a review. Aquaculture 
88:99-143. 

New, M.B. (1995) Status of freshwater prawn farming: a review. 
Aquaculture Research 26: 1-54. 

New, M. B. (2002) Farming freshwater prawns. A manual for the 
culture of the giant river prawn ( Macrobrachium rosenbergii). 
FAO Fisheries Technical Paper 428. FAO, Rome. 

New, M.B. 8c Singholka, S. (1985) Freshwater prawn farming. A 
manual for the culture of Macrobrachium rosenbergii. FAO Fish¬ 
eries Technical Paper 225 (Rev 1). FAO, Rome. 

New, M.B., Singholka, S. 8c Vorasayan, P. (1982) Current status of 
freshwater prawn farming in Thailand. In Giant Prawn Farm¬ 
ing, Developments in Aquaculture and Fisheries Science, Vol. 10, 
(Ed. by M.B. New), pp. 333-49. Elsevier Scientific Publishing, 
Amsterdam. 

Noga, E.J. (1995) Fish Disease: Diagnosis and Treatment. Mosby, 
St Louis, Missouri. 

Ong, B.U. (1983) Progress in selecting an appropriate culture sys¬ 
tem for a small-scale Macrobrachium rosenbergii hatchery. Aqua¬ 
culture 35:267-72. 

Parseval, L., Malecha, S.R., Cotsapas, L., D’Abramo, L., 
MacMichael, R.E. 8c Desmond, T. (1989) Potential application 
to Brazil of recent advances in the culture of marine shrimp 



8 4 


Freshwater Prawns 


and freshwater prawns. In Anais do III Simposio Brasileiro so- 
bre Cultivo de Camarao, 15-20 outubro 1989, Joao Pessoa, Vol. 2: 
Camarao de Agua Doce e Outros, (Ed. by M.M.R. Martins, E.S. 
Correia 8c J.M. Cavalheiro), pp. 71-83. MCR Aquacultura, Joao 
Pessoa. 

Peebles, J.B. (1977) A rapid technique for molt staging in Macro- 
brachium rosenbergii. Aquaculture 12:173-80. 

Phuong, N.W., Hai, T.N., Hien, T.T.T., Bui, T.V., Huong, D.T.T., 
Son, V.N., Morooka, Y., Fukuda, Y. 8c Wilder, M.N. (2006) Cur¬ 
rent status of freshwater prawn culture in Vietnam and the de¬ 
velopment and transfer of seed production technology. Fisheries 
Science 72:1-12. 

Prakash, S. (1988) On the successful rearing of Macrobrachium 
rosenbergii in medium prepared of common salt and salt pan 
residue. Indian Journal of Fisheries 35:41-5. 

Ra’anan, Z. 8c Cohen, D. (1982) Production of the freshwater 
prawn, Macrobrachium rosenbergii, in Israel. Winter activities 
1980/81. Bamidgeh 34:47-58. 

Raju, M.S. 8c Nair, C.M. (1992) Hatchery production of Macro¬ 
brachium rosenbergii seed: an economic analysis. In Freshwater 
Prawns. Proceedings of the National Symposium on Freshwater 
Prawns (Macrobrachium spp.),\2-14December 1990, Kochi, (Ed. 
by E.G. Silas), pp. 256-62. Kerala Agricultural University, Thris- 
sur. 

Rao, R.M. (1996) Macrobrachium back-yard hatcheries: vast scope 
in Andhra Pradesh. Fishing Chimes 16(4):24-5. 

Reddy, A.K., Prakash, C. 8c Sinha, P.S.R.K. (1991) Larval rearing 
of Macrobrachium rosenbergii (De Man) in artificial sea water. 
Journal of the Indian Fisheries Association 21:1-4. 

Reddy, A.K., Prakash, C. 8c Thakur, N.K. (1997) Role of ozone 
in water quality management in aquaculture systems. In Water 
Quality Issues in Aquaculture. Proceedings of the National Seminar 
on Water Quality Issues in Aquaculture Systems, 18-19 Decem¬ 
ber 1996, Tuticorin, (Ed. by R. Santhanam, V. Ramadhas 8c R. 
Gopalakrishnan), pp. 1-8. Tamil Nadu Veterinary and Animal 
Sciences University, Tuticorin. 

Regnault, M. (1987) Nitrogen excretion in marine and fresh-water 
Crustacea. Biological Reviews 62:1-24. 

Rodrigues, J.B.R., Rodrigues, C.C.B., Macchiavello, J.G., Gomes, 
S.Z. 8c Beirao, L.H. (1991) Manual de Cultivo do Camarao de 
Agua Doce o/Macrobrachium rosenbergii na Regiao Sul do Brasil. 
Universidade Federal de Santa Catarina (UFSC), Florianopolis. 

Rodrigues, C.C.B., Rodrigues, J.B.R. 8c Moschen, S. (1998) Efeitos 
da luz solar e cor dos tanques no desenvolvimento larval e 
produ 9 ao de pos-larvas do camarao Macrobrachium rosenbergii 
(De Man, 1879). In Anais do Aquicultura Brasil ’98, 2-6 novem- 
bro 1998, Recife, Vol. 2: Trabalhos Cientificos, pp. 423-35. World 
Aquaculture Society (Latin American Chapter), Baton Rouge. 

Sahul Hameed, A.S., Rahaman, K.H., Alagan, A. 8c Yoganand- 
han, K. (2003) Antibiotic resistance in bacteria isolated from 
hatchery-reared larvae and post-larvae of Macrobrachium rosen¬ 
bergii. Aquaculture 217:39-48. 

Sandifer, P.A. 8c Smith, T.I.J. (1975) Effects of population density 
on growth and survival of Macrobrachium rosenbergii reared 
in recirculating water management systems. Proceedings of the 
World Mariculture Society 6:43-53. 

Sandifer, P.A., Hopkins, J.S. 8c Smith, T.I.J. (1977) Status of Mac¬ 
robrachium hatcheries, 1976. In Shrimp and Prawn Farming in 


the Western Hemisphere, (Ed. by J.A. Hanson 8c H.L. Goodwin), 
pp. 220-31. Dowden, Hutchinson 8c Ross, Stroudsburg, PA. 

Schmitt, A.S. 8c Uglow, R.F. (1993) Nitrogen efflux rates in Macro¬ 
brachium rosenbergii submitted to temperature changes. Euro¬ 
pean Aquaculture Society Special Publication 19, p. 168. European 
Aquaculture Society, Ghent. 

Schwantes, V., Diana, J. 8c Yi, Y. (2007) Freshwater prawn farming 
in Thailand: cooperation keeps intensive production profitable. 
Global Aquaculture Advocate 10(l):70-3. 

Sebastian, M.J. (1990) The giant freshwater prawn Macrobrachium 
rosenbergii (De Man). (Brief review of distribution, biology, seed 
production, farming, diseases and control, and economics, in the 
Indian context.) Issued at the National Symposium on Freshwa¬ 
ter Prawns (Macrobrachium spp.), 12-14 December 1990, Kochi. 
Kerala Agricultural University, Thrissur. 

Silva, C.A. (1995) Utiliza$ao de agua do mar artificial em larvicul- 
tura de Macrobrachium rosenbergii (DeMan, 1879) (Crustacea, 
Palaemonidae). Disserta^ao de Mestrado, Universidade Estadual 
Paulista, Jaboticabal. 

Silva, F.M. 8c Rodrigues, J.B.R. (1997) Efeito da substitui^ao de 
Artemia sp. pelo nematoide Panagrellus redivivus sobre o cresci- 
mento e sobrevivencia larval do camarao de agua doce ( Macro¬ 
brachium rosenbergii). Boletim do Instituto de Pesca 24:35-48. 

Silva, G.H.V., Santos, D.R., Melo, F.P., Silva, U.L. 8c Correia, E.S. 
(2007) Larvicultura do camarao de agua doce Macrobrachium 
rosenbergii (De Man, 1879) em sistema aberto com minima troca 
d’agua. VII Jornada de Ensino, Pesquisa e Extensao (VIIJEPEX). 
UFRPE, Recife. CD-ROM, 

Singh, I.S.B. 8c Philip, R. (1995) A simple device for the separa¬ 
tion of weak larvae of Macrobrachium rosenbergii (De Man). 
Aquaculture Research 26:225-7. 

Singholka, S. 8c Sukapunt, C. (1982) Use of simple recirculation 
systems for larval culture of Macrobrachium rosenbergii. In Gi¬ 
ant Prawn Farming, Developments in Aquaculture and Fisheries 
Science, Vol. 10, (Ed. by M.B. New), pp. 291-4. Elsevier Scientific 
Publishing, Amsterdam. 

Smith, T.I.J. 8c Hopkins, J.S. (1977) An apparatus for separating 
post-larval prawns, Macrobrachium rosenbergii, from mixed lar¬ 
val populations. Aquaculture 11:273-8. 

Smith, T.I.J., Sandifer, P.A. 8c Trimble, W.C. (1976) Progress in 
developing a recirculating synthetic seawater hatchery for rear¬ 
ing larvae of Macrobrachium rosenbergii. In Proceedings of the 
Food-Drugs from the Sea Conference 1, 1974, Mayagiiez, Puerto 
Rico, (Ed. by H.H. Webber 8c G.D. Ruggieri), pp. 167-81. Marine 
Technology Society, Washington, DC. 

Soundarapandian, M., Samuel, M.J. 8c Kannupandi, T. (1995) 
Seasonal variation in production of Macrobrachium rosenbergii 
postlarvae reared at ambient temperatures in a hatchery. World 
Aquaculture 26(3):38-40. 

Spotte, S. (1979) Fish and Invertebrate Culture: Water Management 
in Closed Systems. Wiley-Interscience, New York. 

Suwannatous, S. (1996) Commercial larviculture of Macro¬ 
brachium rosenbergii in Thailand. In Abstracts of World Aqua¬ 
culture ’96, 29 January-2 February 1996, Bangkok, (Ed. by L.R. 
Creswell), pp. 394-5. World Aquaculture Society, Baton Rouge. 

Tayamen, M. 8c Brown, J.H. (1999) A condition index for evaluating 
larval quality of Macrobrachium rosenbergii (De Man, 1879). 
Aquaculture Research 30:917-22. 



Hatchery Systems and Management 


85 


Thomaz, L.A., Oshiro, L.M.Y., Bambozzi, A.C. 8c Seixas Filho, 
J.T. (2004) Desempenho larval do camarao-d’agua-doce ( Mac- 
robrachium rosenbergii De Man, 1879) submetido a diferentes 
regimes alimentares. Revista Brasileira de Zootecnia 6:1934-41. 

Thongrod, S., Sanggontangit, T., Tamtin, M., Chaigul, S.L., Tun- 
sutapanich, A. 8c Boonyaratpalin, M. (2007) Seed production of 
giant freshwater prawn, Macrobrachium rosenbergii, in earthen 
ponds. In: Freshwater Prawns: Advances in Biology, Aquaculture 
and Marketing. (Ed. by C.M. Nair, D.D. Nambudiri, S. Jose, T.M. 
Sankaran., K. Jayachandran 8c K.R. Salin), pp. 344-8. Allied 
Publishers, New Delhi. 

Timmons, M.B., Ebeling, J.M., Weathon, F.W, Summerfelt, S.T. 8c 
Vinci, B.J. (2002) Recirculating Aquaculture Systems, 2nd edn. 
Cayuga Aqua Ventures. Ithaca. 

Tunsutapanich, A., Sanggontangit, T., Thongrod, S. 8c Omanee, C. 
(1996) Improved techniques for seed producing and nursing gi¬ 
ant prawn, Macrobrachium rosenbergii larvae in earthen pond in 
closed system. In Abstracts of World Aquaculture '96,29 January- 
2 February 1996, Bangkok, (Ed. by L.R. Creswell), p. 398. World 
Aquaculture Society, Baton Rouge. 

Tunsutapanich, A., Thongrod, S., Sanggontangit, T. 8c Omanee, 
C. (1997) Research points to improved commercial production 
technique of juvenile prawn in earthen pond. Aquaculture Asia 
II(2):47—51. 

Uno, Y. 8c Kwon, C.S. (1969) Larval development of Macrobrachium 
rosenbergii (De Man) reared in the laboratory. Journal of the 
Tokyo University of Fisheries 55:179-90. 

Vadhyar, K.J., Nair, C.M., Singh, I.S.B. 8c Joshi, K. (1992) Effect 
of habitat materials on the safe duration of survival of oxygen- 
packed seed of Macrobrachium rosenbergii at different packing 
densities. In Freshwater Prawns. Proceedings of the National Sym¬ 
posium on Freshwater Prawns (Macrobrachium spp.), 12-14 De¬ 
cember 1990, Kochi, (Ed. by E.G. Silas), pp. 159-64. Kerala Agri¬ 
cultural University, Thrissur. 

Valenti, W.C. (1985) Cultivo de Camardes deAgua Doce. Nobel, Sao 
Paulo. 

Valenti, W.C. (1992) Current status of freshwater prawn farm¬ 
ing in Brazil. In Freshwater Prawns. Proceedings of the National 
Symposium on Freshwater Prawns (Macrobrachium spp.), 12- 
14 December 1990, Kochi, (Ed. by E.G. Silas), pp. 50-3. Kerala 
Agricultural University, Thrissur. 

Valenti, W.C. (1993) Freshwater prawn culture in Brazil. World 
Aquaculture 24(l):30-4. 

Valenti, W.C. (1995) Situa^ao atual e perspectivas da carcinicultura 
no Brasil e no mundo. In: Anais do I Simpdsio Internacional sobre 
Nutrigao de Peixes e Crustaceos, 8-10 novembro 1994, Campos do 
Jordao, pp. 8-18. Colegio Brasileiro de Nutri^ao Animal (CBNA), 
Campinas. 

Valenti, W.C. (1996) Criagao de Camardes em Aguas Interiores. Bo- 
letim Tecnico do Centro de Aquicultura da Universidade Estadual 


Paulista (CAUNESP) 2. Funda^ao de Estudos e Pesquisas em 
Agronomia, Medicina Veterinaria e Zootecnia (FUNEP), Jabat- 
icabal. 

Valenti, W.C. (1998) Carcinicultura deAgua Doce: Tecnologia para 
a Produfao de Camardes. Funda^ao de Amparo a Pesquisa 
do Estado de Sao Paulo (FAPESP), Sao Paulo and Instituto 
Brasileiro do Meio Ambiente e dos Recursos Naturais Renovaveis 
(IBAMA), Brasilia. 

Valenti, W.C. (2007). Current status of freshwater prawn culture in 
Brazil. In Freshwater Prawns: Advances in Biology, Aquaculture 
and Marketing. (Ed. by C.M. Nair, D.D. Nambudiri, S. Jose, T.M. 
Sankaran, K.V. Jayachandran 8c K.R. Salin, pp. 105-10. Allied 
Publishers, New Delhi. 

Valenti, W.C. 8c Mallasen, M. (2002) Concentrates de amonia, 
nitrito e nitrato em larvicultura do camarao Macrobrachium 
rosenbergii (De Man), realizada em sistema fechado com agua 
salobra natural e artificial. Acta Scientiarum 24:1185-9. 

Valenti, W.C. 8c Moraes-Riodades, P.M.C. (2004) Freshwater prawn 
farming in Brazil. Global Aquaculture Advocate 7(4):52-3. 

Valenti, W.C. 8c Tidwell, J.H. (2006) Economics and management 
of freshwater prawn culture in Western Hemisphere. In Shrimp 
Culture: Economics, Market, and Trade. (Ed. by P.S. Leung 8c C. 
Engle), pp. 263-78. Blackwell Science, Oxford. 

Valenti, W.C., Mallasen, M. 8c Silva, C.A. (1998) Larvicultura em 
sistema fechado dinamico. In Carcinicultura de Agua Doce: Tec¬ 
nologia para a Produ^ao de Camardes, (Ed. by W.C. Valenti), pp. 
112-39. Funda^ao de Amparo a Pesquisa do Estado de Sao Paulo 
(FAPESP), Sao Paulo and Instituto Brasileiro do Meio Ambiente 
e dos Recursos Naturais Renovaveis (IBAMA), Brasilia. 

Valenti, W.C., Mallasen, M. 8c Barros, H.P. (2009) Sistema de 
recircula^ao para larvicultura de camaroes de agua doce em 
pequena escala. Boletim do Instituto de Pesca (in press). 

Wang, G. 8c Qianhong, S. (1999) Culture of freshwater prawns in 
China. Aquaculture Asia IV(2):14-17. 

Wickins, J.F. (1982) Opportunities for farming crustaceans in west¬ 
ern temperate regions. In Recent Advances in Aquaculture, (Ed. 
by J.F. Muir 8c R.J. Roberts), pp. 87-177. Croom Helm, London. 

Wickins, J.F. 8c Lee, D.O’C. (2002) Crustacean Farming, Ranching 
and Culture. Blackwell Science, Oxford. 

Yasharian, D., Coyle, S.D., Tidwell. J.H. 8c Stilwell, W.E. (2005) 
The effect of tank colouration on survival, metamorphosis rate, 
growth and time to metamorphosis freshwater prawn ( Macro¬ 
brachium rosenbergii ) rearing. Aquaculture Research 36:278-83. 

Yen, P.T. 8c Bart, A.N. (2008) Salinity effects on reproduction of 
giant freshwater prawn Macrobrachium rosenbergii (de Man). 
Aquaculture 280:124- 8. 

Zang, Z., Dai, X., Zhang, J. 8c Zhu, Z. (1995) Effects of Mg 2 , Ca 2 
and Mg 2 /Ca 2 contents on survival rates of Macrobrachium rosen¬ 
bergii larvae reared in mixed water. Oceanologia et Limnologia 
Sinica 26:552-7. 



6 

Larval Feeds and Feeding 

Jean Dhont, Mathieu Wille, Mike Frinsko, Shawn D. Coyle 
and Patrick Sorgeloos 


This chapter discusses the nature of the feeds necessary for 
the culture of freshwater prawn larvae. Artemia play an es¬ 
sential role as a larval diet in freshwater prawn hatcheries. 
We therefore pay special attention to the supply and pro¬ 
cessing of Artemia cysts. The natural nutritional quality 
of Artemia and its enhancement are also reviewed, before 
their specific use for feeding freshwater prawn larvae is dis¬ 
cussed. Partial alternatives to Artemia, both live and inert, 
are also considered. While the feeding strategies used in 
research and commercial freshwater prawn hatcheries are 
detailed in Chapters 5 and 12, the present chapter provides 
additional background on this topic. 


6.1 Desirable food characteristics 

The cultivation of the larvae of Macrobrachium rosenbergii 
is performed under controlled hatchery conditions, which 
are quite distinct from grow-out techniques, including feed¬ 
ing strategies. The developing larvae are very small, ex¬ 
tremely fragile and remain quite primitive during the early 
stages using partially developed systems (e.g. digestive or¬ 
gans, eyesight and chemoreception). In addition, larvae 
have to pass through different developmental stages with 
distinct properties. Therefore, larvae have limitations with 
regard to feed intake and digestion, which lead to feed re¬ 
quirements that are quite different from those in older life 
stages. 

Firstly, they have a poorly developed larval gut until lar¬ 
val stage V to VI: i.e. a small hepatopancreas and a lack 
of the anterior midgut diverticulae (Deru 1990), which are 
the main sites for digestive enzyme production in the early 
stages of penaeid shrimp (Lovette & Felder 1990; Abubakr & 
Jones 1992). Hence, they have a very low trypsin activity and 
a very low digestive capacity. In contrast to penaeid larvae, 
they cannot digest artificial diets during that first feeding 
period and rely on a live food source which is highly di¬ 
gestible and may provide exogenous prey enzymes (Jones 


et al. 1993). More specifically, the live food should be zoo¬ 
plankton since M. rosenbergii is carnivorous during the first 
larval stages; however, from stage VII onwards the larvae 
become more omnivorous (Barros & Valenti 1997). Food 
is captured by the thoracic appendages (maxillipeds until 
stage III, and maxillipeds and pereopods in stages IV to XI). 
The capture of food is non-selective but its ingestion is a 
selective process (Barros & Valenti 1997). 

Secondly, the early stages of M. rosenbergii are non-active 
hunters and, although they have a good visual perception 
(Daniels et al. 1992), they seem to capture food by chance 
encounter (Moller 1978). Live prey move continuously in 
the water column, thus increasing the chances of encounter 
but also providing an enhanced perception and extra chas¬ 
ing stimulus. In contrast, keeping artificial food particles in 
suspension requires a continuous agitation of the culture 
medium, which may damage the fragile larvae. 

Thirdly, the size of the prey is important. At first feed¬ 
ing (stage II/III), prawn larvae can readily ingest newly 
hatched Artemia nauplii of the Great Salt Lake (GSL) strain 
(±500 pm in length). However, the cladoceran Moina mi- 
crura (±600 pm), which may be used as a cheap substitute 
or supplement for brine shrimp, is not taken up before 
stage IV (Alam et al. 1995a). On the other hand, Lovette & 
Felder (1988) demonstrated that the rotifer Brachionus 
plicatilis (±150 pm), a good zooplankton starter diet for 
marine fish and penaeid shrimp, is not a good diet for 
M. rosenbergii. Presumably the larvae spend too much ef¬ 
fort in capturing sufficient numbers of rotifers to meet 
its nutritional requirements, resulting in an unfavourable 
energy balance. 

The selection of a proper food source for the indus¬ 
trial production of prawn postlarvae (PL) is not only de¬ 
termined by the requirements of the predator. From the 
practical viewpoint of the culturist, a good diet should also 
feature a reliable and consistent supply, be cost-effective, 
and simple as well as versatile in application. The unique 
property of the branchiopod Artemia to form dormant 
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embryos, so-called cysts, explains its widespread applica¬ 
tion as a convenient, suitable and excellent larval food 
source for freshwater prawn. It is therefore used in a vast 
majority of prawn hatcheries as well as in numerous other 
crustacean and fish hatcheries. Artemia cysts are harvested 
in large quantities from natural and semi-natural biotopes 
and, after processing and drying, are made available in air¬ 
tight packing (cans, bags, buckets, etc.) as a storable ‘on 
demand’ live feed. Upon some 24 hours of incubation in sea¬ 
water, free-swimming Artemia larvae (nauplii) are released 
and can be directly fed as a nutritious live food, which makes 
them the most convenient, least labour-intensive zooplank¬ 
ton available for commercial aquaculture. 

For these reasons, Artemia became universally accepted as 
preferred first-feeding live food in larval freshwater prawn 
rearing (New 1995). However, once the digestive system of 
the larva has further developed, allowing a high enzymatic 
activity (stage IV onwards), this diet is gradually supple¬ 
mented or substituted with other live foods (e.g. Moina ), 
and by farm-made larval diets or commercially prepared 
products. 


6.2 Supply, preparation and nutritional 
enhancement of brine shrimp ( Artemia ) 

6.2.1 Cyst market 

Back in the early 1950s, the only commercial sources of cysts 
originated from the coastal saltworks in the San Francisco 
Bay (SFB) in California and an inland biotope, the GSL in 
Utah. Artemia were marketed for the aquarium pet trade at 
a low price, i.e. less than US$ 10/kg (Bengtson et al. 1991). 
Cyst prices increased considerably in the mid-1970s as the 
combined result of increased demands from the emerging 
hatchery activity, decreased harvests from GSL and possibly 
simulated shortages by certain commercial companies. 

At the 1976 Food and Agriculture Organization (FAO) 
Technical Conference on Aquaculture in Kyoto (Japan), 
Sorgeloos (1979) launched the idea that the cyst short¬ 
age was a temporary problem and could be overcome by 
the exploration and development of new Artemia resources 
and by the application of improved methods for cyst pro¬ 
cessing and use. By 1980 the situation had improved, with 
several new commercial products from natural (e.g. Ar¬ 
gentina, Australia, Canada, China, Colombia, France) and 
man-managed (e.g. Brazil, Thailand) Artemia production 
sites. However, cyst quality in terms of hatching rate and 
nutritional composition proved to be highly variable, not 
only among the various strains and species of Artemia, but 
also among various batches from the same location (Leger 
et al. 1986). During the 1980s, new methods for evalu¬ 
ating and manipulating the hatchability of cysts and the 


nutritional composition of nauplii were adopted, mainly 
thanks to the efforts of the research group ‘International 
Study on Artemia’. At the same time there was an important 
improvement of the harvesting technology applied at the 
GSL. Artemia were collected from the surface of the lake 
instead of from the shore and, together with airplane spot¬ 
ting of the cyst streaks, it resulted in a 10-fold increase in 
yield (>200t/yr of processed product) combined with an 
improved hatching quality. Consequently, there was a dom¬ 
inant presence of GSL cysts on the world market from the 
mid-1980s onwards. More than 90% of the world’s com¬ 
mercial harvests of brine shrimp cysts was derived from the 
GSL and sufficient high hatching product was available to 
fulfil the needs of the market. Bengtson et al. (1991) warned 
that this development presented a critical situation, since 
a bad harvest year at the GSL would have a major impact 
on the provision and price of Artemia cysts for the global 
larviculture industry. 

In the meantime, cyst consumption had increased ex¬ 
ponentially as a result of the booming shrimp and fish 
hatchery industry. In 1997, some 6000 hatcheries required 
over 15001 of cysts annually. Approximately 80 to 85% of 
total Artemia cyst sales were destined for shrimp hatcheries; 
the remaining part mainly went to marine fish larviculture 
in Europe and East Asia, as well as the pet fish market. Still, 
the GSL was able to supply that demand by increased har¬ 
vesting efforts: more companies appeared, more harvesting 
permits were granted, and very efficient and cost-effective 
harvesting/processing techniques were developed (Lavens & 
Sorgeloos 1998). In the 1990s, the remaining part (10%) of 
the world’s provision of cysts derived from a number of lo¬ 
cations with a limited production or harvesting/processing 
capacity, mainly natural sites in North and Central China 
and South Siberia and semi-natural or managed sites in the 
SFB, South Vietnam, Colombia and Northeast Brazil. 

This resulted in a vulnerable situation of dependence on 
virtually one resource. Until then, the GSL produced on 
average about 40001 per season of raw, wet cyst material. 
Processing reduces this raw harvest to approximately 12001 
of processed, commercial product of good hatching quality. 
However, since the lake is a large natural ecosystem, climatic 
and other environmental changes evidently interfere with 
its productivity, which results in large, often unpredictable, 
fluctuations in the annual harvests. Indeed, over the last 
17 years the GSL harvest has ranged from less than 2000 
to almost 9000t of raw product (Fig. 6.1). Environmental 
changes may furthermore influence the dormancy capacity 
and thus final hatchability of the cysts produced (Lavens & 
Sorgeloos 1987). 

Instigated by these large fluctuations and the increasing 
cyst prices, several Artemia resources were revisited and/or 
explored with respect to their commercial potential. By 
now, various non-franciscana Artemia species and strains 
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Fig. 6.1 Annual harvest of raw cyst material (t) from the 
GSL, Utah. (Source: B. Marsden, pers. comm. 2009.) 


have been introduced to the world cyst market with sites 
such as Karabogaz-Gol in Turkmenistan, a vast hypersaline 
bay of the Caspian Sea, but also from a plethora of small 
or medium-sized lakes occurring within an area stretch¬ 
ing from the Kurgan area in Southwest Siberia, over the 
Altai area (South Siberia) and Kazakhstan, eastwards into 
continental and coastal China (Bossier etal. 2004). 

It remains difficult to provide good predictions for the 
future because less information is available on the ecol¬ 
ogy of these new Artemia habitats. However, even if the 
long-term stability of the cyst supply remains uncertain, 
the current diversification of sources will at least limit the 
risks of sudden shortages due to environmental changes. 

The range of applications for cysts originating from these 
alternative sources is mostly analogous to the GSL strain, 
which is unofficially considered as a ‘standard’ in aquacul¬ 
ture practices. However, since these new species are domi¬ 
nated by a variety of parthenogenetic populations they of¬ 
ten display characteristics that deviate markedly from GSL 
cysts, which affect suppliers and customers. These charac¬ 
teristics include diapause features, chorion colour, cyst and 
naupliar biometrics, nutritional (HUFA) profile, buoyancy, 
decapsulation requirement and behaviour, hatching per¬ 
centage and hatching rate, separation of instar I nauplii in 
hatching vessel, enrichment requirements, etc. This applies 
also to several Artemia sources with only local or regional 
commercial importance, such as A. sinica from several lakes 
in continental China and adjacent territories, and A. urmi- 
ana from Lake Urmia, Iran. 

In addition, smaller cyst quantities (1—201 each) of 
mostly good hatching quality are expected to be provided 
on a more continuous basis from man-managed ponds 
and saltworks worldwide (Brazil: Camara 1996; Vietnam: 


Baert et al. 1997; Indonesia: E. Kontara, pers. comm. 1995; 
Chile, Colombia, Eritrea, India, Madagascar, Pakistan, Peru, 
Thailand: Triantaphyllidis etal.{ 1998) and various personal 
communications). These small-scale cyst production sites, 
although technically very successful in several countries in 
Southeast Asia and Latin America (Sorgeloos 1987), are 
not expected to contribute significantly to global cyst sup¬ 
plies. Nevertheless, they provide interesting opportunities 
for local commercial developments, especially in develop¬ 
ing countries with import restrictions. In these situations, 
local cyst availability is an important asset in the develop¬ 
ment of viable hatcheries. 

The latter developments, if well followed-up, may pro¬ 
vide several thousands of metric tons of harvestable cysts 
on an annual basis (Lavens 8t Sorgeloos 1998). However, it 
is necessary to stress again that the lack of ecological knowl¬ 
edge for the natural lakes implies that no long-term pre¬ 
dictions on productivity can be made. Furthermore, their 
operation will be cost/market driven, and high productions 
at the GSL will automatically result in a drop of interest 
and profitability elsewhere. Also, there are often differences 
in cysts from alternative locations from the ‘classic’ GSL 
product which require attention when applying them in 
crustacean hatcheries. A few examples may illustrate this: 

• Deactivation of the dormancy status of Central Asian 
cysts seems to be difficult, which often limits their hatch¬ 
ing performance 

• The classical techniques for cyst decapsulation are not ap¬ 
plicable with cysts from Central Asia without decreasing 
their viability, unless some modifications to the protocol 
are implemented. 

• Most of the parthenogenetic strains from Asia have a large 
cyst size. 

• Little information is available on the nutritional quality 
of these sources. 

Hatchery operators need to have precise information on 
the origin and characteristics of the cysts which they pur¬ 
chase. It remains therefore desirable for Artemia suppliers to 
provide this information on the cyst products they market, 
and that no blends of different sources should be processed 
as has happened in the past. Nowadays it is even possible to 
identify the origin of commercial cyst products by means of 
a DNA-fingerprinting technique fine-tuned for application 
with Artemia (Sun et al. 1999, Bossier etal. 2004). 

The question of the future demand for cysts remains. 
Again it is difficult to assess annual requirements because 
a number of factors may interfere. It is difficult to predict 
the increase in numbers of fry produced by fish, freshwater 
prawn and marine shrimp hatcheries. Generally, it is ex¬ 
pected that hatchery production of marine fish worldwide 
will further increase (Sorgeloos & Leger 1992), implying a 
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higher need for cysts. Currently, the biggest demand is for 
penaeid shrimp hatcheries (>80%). The operation of these 
hatcheries depends in the first place on the requirements 
of grow-out farms for juveniles. Although the high market 
prices for shrimp encourage enthusiasm for the expansion 
of the shrimp business, production increases may not be 
at the same pace as in the past. They may be limited be¬ 
cause of new policies promoting responsible aquaculture, 
which involve lower stocking densities and less land con¬ 
verted into new ponds. Also disease outbreaks may limit 
farm operation in certain areas. On the other hand, cyst 
shortages encourage the application of modified feeding 
strategies during the hatchery cycle, reducing the quanti¬ 
ties of Artemia required. 

Artificial diets will certainly gain in popularity in the near 
future because they reduce the problems and risks involved 
in the production of live food. Quite a few products are 
already commercially available for some aquatic species, 
but their nutritional composition, digestibility and phys¬ 
ical performance, especially regarding suspension in the 
water column and leaching, need to be further optimised 
before they can completely replace live food in freshwa¬ 
ter prawn hatcheries. The application of micro-particulate 
diets may also depend on the goal which each hatchery 
seeks to achieve, i.e. the production of high numbers of 
PL (high densities and survival rates) or the production of 
high-quality fry (strong, resistant to stress and diseases). 
The use of formulated diets will be easier in the first case. In 
any case, it is the cost-effectiveness of the different feeding 
strategies that will determine the preferential application of 
inert feed diets or live food organisms. It is likely that this 
may differ considerably from region to region, and between 
industrial and backyard hatcheries. 

6.2.2 Disinfection, decapsulation and hatching 
of cysts 

Although using Artemia cysts appears to be simple, some 
procedures are critical for successfully obtaining Artemia 
nauplii at the quantities needed in larval crustacean pro¬ 
duction. These include cyst disinfection or decapsula¬ 
tion prior to incubation, and hatching under optimal 
conditions. 

A major problem in the early rearing of prawns is the 
susceptibility of the larvae to microbial infections. It is 
recognised that live food can be an important source of 
potentially pathogenic bacteria, which are easily transferred 
through the food chain to the predator larvae in commercial 
hatcheries (Verdonck et al. 1994). Vibrio sp. constitute the 
main bacterial flora in Artemia cyst hatching media. Most 
Vibrio spp. are opportunistic bacteria which can cause dis¬ 
ease/mortality outbreaks in larval rearing, especially when 
animals are stressed or not reared under optimal condi¬ 


tions. Artemia cyst shells are loaded with bacteria, proto¬ 
zoa, fungi, and even contaminated with organic impurities. 
Bacterial contamination in the hatching medium can reach 
numbers ofmore than 10 7 CFU/ml (CFU = colony-forming 
units). At high cyst densities and high incubation temper¬ 
atures during hatching, bacterial development (e.g. on the 
released glycerol) can be considerable and hatching solu¬ 
tions may become turbid, which may also result in reduced 
hatching yields. Therefore, unless commercially disinfected 
cysts are used, a disinfection procedure consisting of soak¬ 
ing cysts for 30 minutes in a 2000 mg/L hypochlorite so¬ 
lution (Sorgeloos et al. 1986) should be routinely applied. 
This treatment, however, will not kill all germs present in 
the alveolar and cortical layer of the outer shell. A more 
thorough removal can be obtained with a combination 
of specially designed commercial disinfectant agents or by 
using commercially available pre-disinfected cysts. 

Complete disinfection can be achieved through cyst de¬ 
capsulation. Decapsulation is a chemical process whereby 
the hard shell which encysts the dormant Artemia embryo is 
completely removed. This is typically performed by a short¬ 
term exposure to a hypochlorite solution in an alkaline 
environment and subsequent quenching with thiosulphate 
(Bruggeman et al. 1980; Sorgeloos et al. 1986). Decapsu- 
lated cysts can either be directly hatched into nauplii, or 
they can be stored for later hatching after being dehydrated 
in saturated brine or used as such for direct feeding. De¬ 
hydrated decapsulated cysts are conveniently stored in the 
refrigerator at 0 to 4°C for a few days without any decrease 
in hatching rate. If storage for prolonged periods is needed 
(up to a few months), the decapsulated cysts are best trans¬ 
ferred into a saturated brine solution. 

Besides being completely disinfected, decapsulated cysts 
offer a number of advantages compared to the non- 
decapsulated ones: 

• There is no further need to separate cyst shells from the 
hatched nauplii, and consequently no cyst shells are in¬ 
troduced in the culture tanks. 

• Energy content and individual weight of nauplii that are 
hatched out of decapsulated cysts are higher (30-55%, 
depending on strain) than regular freshly-hatched lar¬ 
vae, because energy is required to break out of the shell. 
In fact, the hatching output of cysts, that have relatively 
low energy content, may be effectively improved by de¬ 
capsulation (Vanhaecke et al. 1983). 

Hatching small quantities of Artemia cysts is basically 
very simple but hatching kilograms of cysts, as is a daily 
practice in large hatcheries, does require proper attention 
to several critical parameters: aeration, temperature, salin¬ 
ity, pH, cyst density and illumination. Even under optimal 
hatching conditions, hatching results may fluctuate as a 
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and among nauplii 


Fig. 6.2 Hatching tank ready for harvesting Artemia 
nauplii after aeration was stopped. 


result of differences in cyst quality or strain inherent char¬ 
acteristics. 

6.2.2.1 Hatching tank 

The best hatching results are achieved in cylindrical con¬ 
tainers with a conical bottom, aerated from the bottom 
with air lines (Fig. 6.2). Flat-bottomed tanks have dead 
spots in which Artemia cysts and nauplii accumulate and 
suffer from oxygen depletion. Transparent or translucent 
containers facilitate inspection of the hatching suspension, 
especially when harvesting. 

6.2.2.2 Aeration 

The aeration intensity must be sufficient to maintain oxy¬ 
gen levels above 2 mg/L, preferably 5 mg/L. The optimal 
aeration rate is a function of tank size and the density of 
cysts incubated. Aeration is usually provided by a simple 
tube connected to the air supply. The tube outlet must 
be positioned at the lowest point of the tank; if not, nau¬ 
plii will actively accumulate under the aeration and die of 
oxygen depletion. In large tanks and high cyst densities, 
additional oxygenation may be necessary using airstones. 
Airstones, however, have the inconveniency of producing 
foam in which newly hatched nauplii tend to be caught. 
Excessive foaming can be reduced by disinfection of the 
cysts prior to hatching incubation and/or by addition of 


a few drops of a non-toxic antifoam agent (e.g. silicone 
antifoam). 

6.2.2.3 Temperature & salinity 

The temperature of the seawater is preferably kept in the 
range of 25 to 28°C; below 25°C cysts hatch more slowly 
and above 33°C cyst metabolism is irreversibly stopped. 
Optimal hatching salinity is within the range 5 to 35 p.p.t.; 
above a threshold of approximately 85 to 90 p.p.t., insuf¬ 
ficient quantities of water can be taken up by the cysts to 
allow proper hatching metabolism. For convenience, nat¬ 
ural seawater is mostly used to hatch cysts. However, at 
5 p.p.t., the nauplii hatch faster, as less glycerol has to be 
built up. For some sources of cysts, hatching the cysts at 
low salinity results in higher hatching efficiencies and the 
nauplii have higher energy content. 

6.2.2.4 pH 

The pH must remain above 8 during the hatching pro¬ 
cess in order to ensure optimal functioning of the hatching 
enzyme. If needed (e.g. when low salinity water is used), 
it is necessary to increase the buffer capacity of the water 
by adding up to 1 g NaHC0 3 /L. Increased buffer capaci¬ 
ties can also become essential when high densities of cysts 
are hatched (= high CCF production). Strong illumination 
(~2000 lux at the water surface) is important, at least dur¬ 
ing the first hours after complete hydration, in order to 
trigger the start of embryonic development. Although this 
level of illumination is mostly attained in daytime in trans¬ 
parent tanks that are set up outdoors in the shade, it is 
advisable to keep the hatching tanks indoors and to provide 
artificial illumination, in order to ensure good control over 
the hatching conditions. Cyst density interferes adversely 
with the other hatching parameters, i.e. pH, oxygen and 
illumination. The density may be as high as 5 g/L for small 
volumes (<20 L) but should be decreased to a maximum of 
2 g/L for larger volumes, to minimise mechanical injury of 
the nauplii and to avoid suboptimal water conditions. High 
cyst densities can only be maintained when pure oxygen is 
used, even in large hatching tanks, for example 10 kg cysts 
in 1 m 3 tanks. 

6.2.2.5 Effect of combined factors 

All of the factors mentioned in sections 6.2.2.1 to 6.2.2.4 af¬ 
fect the hatching rate and maximum output, and hence the 
production cost of the harvested Artemia nauplii. Consid¬ 
erable variation has been demonstrated among commer¬ 
cial products of various origins, and even among batches 
from the same site, which obviously accounts for much of 
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Fig. 6.3 Typical hatching curve of high quality cysts 
(solid line), cysts with a lower hatching output (dotted 
line), cysts with low hatching synchronicity (dashed line) 
and appearance of second stage nauplii for the good- 
quality cysts (grey line). 


the price differences. Therefore, attention should be paid 
to selecting Artemia cyst lots with good hatching synchrony 
(< 7 h between hatching of first and last nauplii), fast hatch¬ 
ing rate (<24h) and high hatching efficiency (>200 000 
nauplii per gram of product) (Fig. 6.3). When hatching 
synchrony is low, first-hatched nauplii will have consumed 
much of their energy reserves by the time that the last nauplii 
will have hatched and harvesting is done. If the total incu¬ 
bation period exceeds 24 hours, the hatchery operator is 
unable to restock the same hatching containers for the next 
day’s harvest, which implies higher infrastructural costs. 

After hatching, and prior to feeding them to the larvae, 
Artemia nauplii need to be separated from the hatching 
wastes. After switching off the aeration in the hatching tank, 
cyst shells will float and nauplii will concentrate at the 
bottom of the tank. They should be siphoned or drained 
within 5 to 10 minutes and thoroughly rinsed with seawater 
or fresh water, using submerged filters (Sorgeloos & Leger 
1992) to prevent physical damage to the nauplii. 

6.2.3 Use of nauplii and metanauplii 

In their first stage of development, Artemia nauplii do not 
feed but consume their own energy reserves (Benijts et al. 
1976). At the high water temperatures that are applied dur¬ 
ing cyst incubation, freshly-hatched Artemia nauplii de¬ 
velop into the second larval stage within 6 to 8 hours. It 
is important to feed first-instar nauplii rather than starved 
second-instar metanauplii, which are transparent and less 
visible. Second instar metanauplii are about 50% larger in 


length and swim faster than first instars. As a result they 
are harder to catch and less acceptable as prey for those 
larvae with a critically small mouth size. Furthermore, they 
contain lower amounts of free amino acids so they are less 
digestible and their lower individual dry weights (DW) and 
energy content (Garcia-Ortega et al. 1998) reduce the en¬ 
ergy uptake by the predator per unit of hunting effort (Leger 
etal. 1986). All this will be reflected in reduced larval growth 
in the face of increased Artemia cyst consumption: for in¬ 
stance, 20 to 30% more cysts are needed to feed the same 
weight of starved metanauplii to freshwater prawn larvae. 
On the other hand, second instar stages may be more sus¬ 
ceptible to digestive enzyme breakdown in the gut of the 
predator, since these enzymes can also penetrate the diges¬ 
tive tract of the Artemia through the open mouth or anus. 

Artemia nauplii that are not immediately fed to the lar¬ 
vae can be conveniently stored at low temperature. Storing 
freshly-hatched nauplii at temperatures near 4°C, in den¬ 
sities of up to 8 million nauplii per litre for up to 24 hours 
greatly reduces their metabolic rate, and precludes moult¬ 
ing to the next instar stage (Leger et al. 1983). The drop in 
individual DW at 4°C is only 2.5 versus 30% at 25°C. The 
24 hour cold storage technique allows for a rationalisation 
of Artemia cyst hatching effort and costs (e.g. fewer tanks, 
larger volumes, a maximum of one hatching and harvest 
per day). It also allows for a constant supply of a high- 
quality product and more frequent food distributions. This 
is beneficial for prawn larvae because food retention time in 
larviculture tanks can be reduced and hence the growth of 
Artemia in the culture tank minimised. With poor hunters, 
such as the early larval stages of M. rosenbergii, feeding 
cold-stored (and thus less active) Artemia results in a more 
efficient food uptake. 

6.2.4 Nutritional features 

A variety of physical and nutritional factors are relevant, as 
detailed in the following sub-sections of this chapter. 

6.2.4.1 Size 

The nutritional effectiveness of any food organism is in the 
first place determined by its ingestibility, which is deter¬ 
mined by its size and form. Although naupliar size varies 
greatly from one geographical source of Artemia to another 
(Vanhaecke & Sorgeloos 1980), this is often not critical for 
crustacean larvae since these can capture and tear apart 
larger food particles with their feeding appendages. As long 
as prey size does not interfere with the hunting ability of 
the predator, the use of larger nauplii (with a higher indi¬ 
vidual energy content) will be beneficial since the preda¬ 
tor will spend less energy in taking up a smaller number 
of larger nauplii to fulfil its energetic requirements. For 
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M. rosenbergii this means that, even at first feeding, Artemia 
strains even with relatively large nauplii can be used, as well 
as slightly older nauplii. 

6.2.4.2 Proximate composition 

Any data on proximate composition of Artemia have a 
rather relative value as the composition fluctuates consid¬ 
erably with strain, harvest season, batch and life stage in 
question. A comprehensive overview of proximate compo¬ 
sitions found in the relevant literature is presented by Dhont 
& Van Stappen (2003). In summary, it appears that protein 
content fluctuates between 40% and more than 65%, lipid 
content between less than 1% to over 20%, carbohydrates 
between less than 5% to more than 35%, and ash between 
5% and about 30%. 

6.2A.3 Lipids 

Lipids are undoubtedly the best documented dietary com¬ 
ponent of Artemia, since it was identified in the late 1970s 
and early 1980s that variations in nutritional value when 
using different geographical sources of Artemia for shrimp, 
prawn, lobster and crab species could be linked to differ¬ 
ences in lipid composition (Leger et al. 1986). Studies in 
Japan and the multidisciplinary ‘International Study on 
Artemia ’ revealed that the concentration of the essential 
fatty acid 20:5 n-3 (eicosapentaenoic acid, EPA) in Artemia 
nauplii was determining its nutritional value for larvae of 
various marine fish and crustaceans (Leger etal. 1986). Var¬ 
ious results were obtained with different batches of the same 
geographical Artemia source, containing different amounts 
of EPA and yielding proportional results in growth and sur¬ 
vival of mysid shrimps ( Mysidopsis bahia ) fed these Artemia 
(Leger et al. 1985). Levels of this essential fatty acid vary 
tremendously from strain to strain and even from batch to 
batch, the causal factor being the fluctuations in biochem¬ 
ical composition of the micro-algae available to the adult 
population (Lavens et al. 1989). In addition, another even 
more important essential fatty acid to larval organisms, 
docosahexaenoic acid (DE1A: 22:6 n-3; Watanabe 1993), is 
almost lacking in Artemia. In contrast to freshwater species, 
most marine organisms do not have the capacity to biosyn¬ 
thesise these essential fatty acids from lower unsaturated 
fatty acids, for example, 18:3 n-3; thus this nutrient needs 
to be provided through the food chain. In view of these 
fatty acid deficiencies in Artemia, appropriate techniques 
have been developed for improving the lipid profile of de¬ 
ficient Artemia strains (see section 6.2.5). 

6.2.4A Amino acids 

Although protein levels and amino acid profiles in Artemia 
may show fluctuations between strains and life stage, these 


fluctuations are generally much less pronounced than for 
the lipid fraction(Table 6.1). Generally, Artemia nauplii as 
well as adults contain sufficient levels of the 10 amino acids 
that are considered essential for fish larvae. Even so, methio¬ 
nine seems to be the first limiting amino acid when feeding 
nauplii to fish larvae (Fynh et al. 1993; Concei^ao 1997; 
Helland et al. 2000) followed by leucine (Conceifao 
1998). Most protein in Artemia nauplii consists of small 
size proteins with a molecular weight between 7.4 and 
49.2 kiloDaltons (kDa) (Garcia-Ortega et al. 2001). The 
presence of these low molecular weight peptides and free 
amino acids in nauplii, together with their autolytic capac¬ 
ity and high solubility, account for the easy digestion of the 
proteins by young larvae. Parthenogenetic Artemia seem to 
contain three times more FAA than the GSL strain. 

6.2A.5 Enzymes 

The presence of several proteolytic enzymes in develop¬ 
ing Artemia embryos and Artemia nauplii (Garcia-Ortega 
etal. 1998) has led to the speculation that these exogenous 
enzymes play a significant role in the breakdown of the 
Artemia nauplii in the digestive tract of the predator larvae. 
This has become an important question, in view of the rel¬ 
atively low levels of digestive enzymes in many first-feeding 
larvae and the inferiority of prepared feeds versus live prey. 

6.2.4.6 Minerals 

The levels of several minerals in Artemia, as reported in the 
literature, have been summarised by Leger et al. (1986). 
The mineral requirements of marine and brackish-water 
organisms are poorly known but may be met by the seawater 
that they drink. A study of the variability of 18 minerals and 
trace elements in Artemia cysts revealed that the levels of 
selenium in some cases may not be present in sufficient 
quantity (Merchie 1996). 

6.2A.7 Vitamins 

Most data on vitamins relate to Artemia franciscana 
(Table 6.2). An account of differences between strains could 
only be found for ascorbic acid (AscA) forms in cysts in 
Merchie etal. (1995a). These authors observed considerable 
differences in ascorbic acid 2 sulphate (AscAS) concentra¬ 
tions (296-517 pg/gDW expressed as AscA) when compar¬ 
ing 10 different strains. Furthermore, they provided further 
evidence for the complete conversion of the ascorbic acid 
2 sulphate form to free ascorbic acid. Whether AscAS serves 
as a storage form of AscA to satisfy the brine shrimp’s larval 
requirements after hatching (Mead & Finnamore 1969), or 
acts as a sulphating agent during embryonic development 
(Mead & Finnamore 1969; Bond et al. 1972), is unclear. 
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Table 6.1 Amino acid composition of different developmental stage of Artemia (g/IOOg protein). 





Stage 


Cysts b 

Decaps. cysts a,c 

Nauplii ac 

fuveniles & adults b-c,d 

Aspartic acid 

8.6 

7.7-11.6 

7.6-9.4 

5.8-10.5 

Threonine 

4.1 

4.3-5.8 

4.3-5.2 

2.4—6.3 

Serine 

6.3 

5.7-7.'7 

5.5-5.2 

2.6—6.2 

Glutamic acid 

10.3 

11.0-13.9 

11.2-12.3 

7.5-13.9 

Proline 

5.0 

3.6 

4.2 

3.3-10.9 

Glycine 

4.0 

3.9-4.1 

4.0—4.9 

2.7-11.0 

Alanine 

5.1 

4.1-4.8 

4.4-5.1 

3.6—6.7 

Cystine 

1.3 

1.1-1.3 

1.1-1.6 

0.1-2.3 

Valine 

4.9 

4.9—6.2 

4.9-5.9 

3.2-7.4 

Methionine 

2.1 

2.5-3.0 

2.3-1.9 

0.7-2.3 

Isoleucine 

4.4 

4.8—9.9 

4.7-5.3 

3.0—6.3 

Leucine 

6.0 

6.6 

6.5-7.4 

4.5-8.2 

Tyrosine 

5.2 

3.3-4.4 

3.4-3.7 

2.2—5.0 

Phenylalanine 

3.4 

3.9-5.2 

3.9-4.4 

2.3—6.4 

Histidine 

2.7 

2.7-3.2 

2.5-3.5 

1.3-3.6 

Lysine 

7.1 

7.1-9.7 

7.3-8.1 

4.2—9.9 

Arginine 

6.4 

7.0—9.3 

6.8-16.1 

2.7-8.2 

Tryptophane 

0.9 

1.3 

1.2 

- 

Total amino acids 

87.8 

85.5-111.6 

85.8-105.4 

52.1-125.1 


a Garcia-Ortega et al. 1998 
b Lim et al. 2001; adults fed on rice bran 
c Dendrinos & Thorpe 1987; adults fed on yeast 
d Trotta et al. 1987 


Vitamin E (a-tocopherol) concentrations in freshly- 
hatched nauplii vary slightly among different strains, i.e. 
between99 and 124 pg/gDW (Huo etal. 1996). SFB Artemia 
cysts were analysed for the content of various other vita¬ 
mins and were found to contain high levels of thiamine 
(7-13 pg/g), niacin (68-108 pg/g), riboflavin (15-23 pg/g), 
pantothenic acid (56-72 pg/g) and retinol (10-48 pg/g) 


Table 6.2 Vitamin levels obtained by enrichment 
(pg/g DW). 


Vitamin 

ref. 

Unenriched 

nauplii 

24h enriched 
nauplii 

Ascorbic acid 

a 

692 

3100 


c 


1000-12 000 

Thiamine 

b 

7.5 

8.8 


c 


20-40 

Riboflavin 

b 

47.3 

38.0 

Niacin 

b 

187 

202 

Pantothenic acid 

b 

86 

81 

Vitamin B6 

b 

9.0 

6.7 

Biotin 

b 

3.5 

4.0 

Folate 

b 

18.4 

12.2 

Vitamin B12 

b 

3.5 

3.9 


a Merchie etal. (1995b) 
b Maeland etal. (2000) 
c Olsen et al. (1999) 


(Stultz 1974). Published data indicate that the levels of vi¬ 
tamins in Artemia are sufficient to fulfil the dietary levels 
recommended for growing larvae. However, requirements 
during larviculture are still mostly unknown, and may be 
higher due to a higher rate of larval growth and metabolism 
(see also section 6.2.5). 

With the exception of ascorbic acid and thiamine, 
Artemia nauplii contain higher vitamin levels than natural 
marine zooplankton (Maeland et al. 2000). However, exact 
dietary vitamin requirements have not been established for 
many marine fish and crustacean larvae. 

6.2.5 Enrichment 

Taking advantage of the primitive feeding characteristics 
of Artemia nauplii, it is possible to manipulate the nu¬ 
tritional value of deficient Artemia , for example HUFA 
deficiency in the GSL strain. Since brine shrimp nau¬ 
plii that have moulted into the second instar stage (i.e. 
~8 hours following hatching) are non-selective particle 
feeders, simple methods have been developed to incor¬ 
porate different kinds of products (HUFA, amino acids, 
vitamins) into the Artemia prior to feeding to predator 
larvae. This method of bio-encapsulation (Fig. 6.4), also 
called Artemia enrichment or boosting, is widely applied 
in marine fish and crustacean hatcheries for enhancing 
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Fig. 6.4 Schematic diagram of the use of Artemia as a vector for transfer of specific nutrients to marine shrimp larvae. 


the nutritional value of Artemia with essential fatty acids. 
Currently, a variety of commercial enrichment products 
and procedures is available, including selected micro-algae 
and/or micro-encapsulated products, omega-yeast and/or 
emulsified preparations, and self-emulsifying concentrates 
and/or micro-particulate products (see review by McEvoy & 
Sargent 1998). Besides the enrichment diet used, the tech¬ 
niques employed vary with respect to pre-enrichment time 
(time between hatching and addition of enrichment diet), 
enrichment period and temperature. 

Nauplii should be transferred or exposed to the en¬ 
richment medium as soon as possible before first feed¬ 
ing, so that they begin feeding immediately after opening 
of the alimentary tract (second instar stage). As a result, 
the increase in nauplius size during enrichment can be 
minimised. After 24 hours enrichment, GSL nauplii will 
reach about 870 pm, and after 48 hours enrichment, about 
1010 pm (Fig. 6.5). The enrichment medium consists of 
hypochlorite-disinfected and neutralised seawater main¬ 
tained at 25 to 28°C. Enriched nauplii are harvested af¬ 
ter 12 or 24 hours and thoroughly rinsed using analogous 
procedures as after hatching (Leger et al. 1987). They are 
either directly fed or stored at temperatures below 10°C at 
densities up to 5000/ml in order to ensure that enrichment 
products are only slowly metabolised during storage, i.e. a 
reduction of 0 to 30% after 24 hours at 10 D C (Fig. 6.5). 

6.2.5.1 Lipid enrichment 

The highest enrichment levels are obtained from emulsified 
concentrates (Leger et al. 1986). An overview of lipid levels 
obtained through enrichment is presented in Table 6.3. 


In view of the importance of DHA in marine species, 
much effort is made to incorporate high levels of DHA and 
high ratios of DHA/EPA in live food. So far, the best results 
have been obtained with enrichment emulsions fortified 
in DHA (containing a DHA/EPA ratio up to 7) yielding 
Artemia metanauplii that contain 33 mg DHA/g DW. Com¬ 
pared to enrichment with traditional products, a maximum 
DHA/EPA ratio of 2 (instead of 0.75) can be reached under 
standard enrichment practices. The reason for not attaining 
the same ratio in Artemia , as in the enrichment products, 
is the inherent retroconversion of DHA to EPA upon en¬ 
richment in the most commonly used species of Artemia. 
The capability of some Artemia strains to reach high DHA 
levels during enrichment and to maintain them during sub¬ 
sequent starvation (Evjemo et al. 1997) offers perspectives 
to provide higher dietary DHA levels and DHA/EPA ratios 
to crustacean larvae, if required. 


6.2.5.2 Amino acid enrichment 

Compared to lipids, much less research has been carried 
out on the role and requirements for protein in larval nu¬ 
trition, despite the fact that amino acid catabolism is a major 
source for energy (Dabrowski & Rusiecki 1983) and amino 
acids are essential for the synthesis of proteins and enzymes 
(Conceifao 1997). Although it is believed that Artemia con¬ 
tains adequate levels of most amino acids, the fraction of 
free amino acids is low compared to levels in wild copepods 
(Tonheim et al. 2000), especially in methionine. 

Dendrinos & Thorpe (1987) cultured Artemia on dif¬ 
ferent types of protein and observed an increase in total 
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Fig. 6.5 Highly unsaturated fatty acid (HUFA) levels in GSL Artemia metanauplii enriched with Super Selco (Inve 
Aquaculture, Belgium) for 12 and 24 hours and subsequently stored for 24 hours at 10°C. (Source: modified from 
Merchie 1996, copyright 1996 with permission of FAO.) 

Histogram key: no shading, 20:5n-3; cross-hatching, 22:6n-3; shaded grey, sum n -3 HUFA. 


Table 6.3 Overview of lipid levels obtained through enrichment of A. Iranciscana by various authors (in mg/g DW). 


Stage 

Reference 

Linolenic 
acid (LNA) 
18:3n-3 

Arachidonic 
acid (ARA) 
20:4n-6 

Eicosapentaenoic 
acid (EPA) 

20:5n-3 

Docosahexaenoic 
acid (DHA) 

22:6n-3 

DHA:EPA 

nauplii 

Dhert et ol. (1993) 

39.8 

1.0 

10.7-17.8 

27.5-45.7 

1.2-4.9 

Dhert etal. (1993) 

32.7-40.3 

2.8-4.2 

4.4-19.5 

0.8—9.5 

1.4-0.5 

Triantaphyllidis et al. (1995) 

n.d. 

n.d. 

17.7 

25.1 

1.4 

Evjemo etal. (1997) 

n.d. 

n.d. 

17.4 

36.6 

2.1 

Harel et al. (1999) 

n.d. 

2.4-2.7 

9.5-11.9 

21.1-39.1 

1.7-3.9 

Estevez etal. (1998) 

20.6-21.7 

2.1-14.3 

10.0-25.1 

5.2-16.6 

0.3-1.3 

Estevez et al. (1999) 

n.d. 

1.0—7.9 

5.5-33.2 

3.0-10.0 

0.1-1.3 

Narciso et al. (1999) 

n.d. 

n.d. 

4.1-20.2 

1.4-11.1 

0.0-0.7 

Han et al. (2000) 

25.6-45.0 

2.4-4.9 

29.6-53.2 

11.2-28.9 

0.3—0.5 

Adults 

Han ( 2001) 

14.9-26.0 

13.4 

23.1 

4.6 

0.2 

Lim etal. (2001) 

1.8 

n.d. 

5.6 

1.9 

0.3 

Dhont, unpubl. 

1.7 

3.8 

9.5 

4.0 

0.4 


n.d. = not determined 
DW = dry weight. 
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protein content when feeding Candida utilis and Saccha- 
romyces cerevisiae. The pattern for levels of essential amino 
acids was not very clear; some levels clearly increased 
(leucine, isoleucine, tyrosine, lysine) but others remained 
unchanged or decreased slightly (phenylalanine, histidine, 
arginine). Tonheim et al. (2000) demonstrated that me¬ 
thionine levels in nauplii could be boosted 20- to 30-fold 
in 16 hours by simply adding dissolved methionine in the 
water. This increase could be doubled (to 60-fold of the 
unenriched control) when incorporating methionine in li¬ 
posome droplets. 

6.2.5.3 Vitamin enrichment 

Enrichment of Artemia for 48 hours with a specific vitamin¬ 
boosting mixture (DHA-Selco, Inve NV, Belgium) led to in¬ 
creased levels of thiamine, niacin and pantothenic acid but 
no changes in content of ascorbic acid, riboflavin, vitamin 
B 6 or B 12 (Maeland et al. 2000). Better results for selected 
vitamins are obtained using specific enrichment prepara¬ 
tions. Using the standard enrichment procedure and ex¬ 
perimental self-emulsifying concentrates containing ascor- 
byl palmitate (AP) in addition to the fish oils, high levels 
of free ascorbic acid (AA) can be incorporated into brine 
shrimp nauplii. As shown by Merchie et al. (1997), a 10% 
AP inclusion (on a DW basis) in the emulsion enhances by 
50% the natural levels occurring in freshly-hatched nauplii 
(500 pg/g DW), while a 20 or 30% addition increases AA 
levels in Artemia respectively three-fold and six-fold after 
24 hours enrichment at 27°C; HUFA levels remain equal 
compared to normal enrichment procedures. Moreover, 
these AA concentrations do not decrease when the enriched 
nauplii are kept in the rearing tanks for 24 hours or cold- 
stored at 4°C. In the same way, vitamin E (a-tocopherol) 
levels can be boosted from 100 to 1000 pg/g DW (Huo et al. 
1996) and vitamin A from 1 to 1200 IU/g DW (Dedi et al. 
1995) in brine shrimp metanauplii. Table 6.2 shows vitamin 
levels achieved through enrichment. 

6.2.5A Requirements for enriched Artemia by 
freshwater prawn larvae 

In contrast to penaeid shrimp, the (n-3) HUFA require¬ 
ments of M. rosenbergii were not expected to be very crit¬ 
ical, because they spend most of their life in fresh water. 
Roustaian et al. (1999) concluded that the larvae of 
M. rosenbergii have sufficient capability to convert di¬ 
etary linoleic acid (18:2 n-6) and linolenic acid (18:3 n-3) 
to arachidonic acid (20:4 n-6) and EPA to meet larval 
demand for HUFA, although there was no assimilation 
and consequent tissue storage of DHA. As a result it was 
claimed that non-enriched Artemia can fulfil the nutritional 


requirements, providing a greenwater system is used. These 
assumptions, however, were in some way contradicted by 
studies at the Artemia Reference Center of Ghent Univer¬ 
sity, where M. rosenbergii larvae were reared on Artemia 
alone in a clearwater circulating system. Devresse et al. 
(1990) demonstrated that pronounced improvements in 
growth, survival, metamorphosis synchrony and stress re¬ 
sistance were obtained when Artemia enriched with n-3 
HUFA emulsions were administered (Fig. 6.6). Also, the 
levels of these essential fatty acids (EFA) in the larval tissues 
increased as a function of the dietary regime, as was demon¬ 
strated by Roustaian et al. (1999). This n-3 HUFA require¬ 
ment was further confirmed by Romdhane et al. (1995), 
who documented a minimum requirement of 35 mg/g n-3 
HUFA in the freshwater prawn larvae diet. More recently, 
Rani et al. (2006) fed Artemia nauplii enriched with cod 
liver oil and/or Lactobacillus to prawn larvae. The first PL 
appeared 7 to 8 days earlier and 95% of the PL 11 to 12 days 
earlier in the emulsion-enriched groups than in the control 
or probiotic-only groups. Survival was highest in the group 
fed Artemia enriched with both the probiotic bacteria and 
cod liver oil. However, de Caluwe etal. (1995) demonstrated 
that these EFA effects in larval prawn are also a function of 
the broodstock diet. Larvae obtained from M. rosenbergii 
females fed a HUFA-fortified diet performed equally well 
on non-enriched as on enriched brine shrimp. 

Feeding vitamin C-enriched Artemia did not result in 
an enhanced freshwater prawn hatchery output (Merchie 
et al. 1995b). However, a significantly positive effect was 
again demonstrated on the physiological condition of the 
PL, as measured by a salinity stress test. A noticeable drop 
in the vitamin C level of PL, compared to larvae, indicated 
a specific need for ascorbic acid during metamorphosis, a 
stressful period. It therefore is likely that under subopti- 
mal rearing conditions (stress situations), high vitamin C 
supplementation will enhance production characteristics. 
In this respect, Cavalli et al. (2000); Fig. 6.7) developed a 
standardised technique based on ammonia toxicity for the 
evaluation of the postlarval quality of hatchery-produced 
M. rosenbergii , which proved far more sensitive than the 
more common salinity stress test. Using this criterion, these 
authors were able to clearly demonstrate that, from larval 
stage III onwards, larval quality was superior in the prawn 
culture tanks receiving HUFA/vitamin C-enriched Artemia 
compared to the cultures fed non-enriched brine shrimp. 

In view of the research findings reviewed above, it is sug¬ 
gested that commercial freshwater prawn hatcheries would 
benefit from the use of enriched Artemia throughout the 
culture period, unless other HUFA- and vitamin-rich sup¬ 
plemental feeds are administered from stage V onwards. 

Recent live feed applications for freshwater prawn larval 
rearing include uploading Artemia with probiotic bacte¬ 
ria and hormones. Keysami et al. (2007) fed prawn larvae 
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Fig. 6.6 Production characteristics of M. rosenbergii larvae fed Artemia nauplii enriched with low (open bar), medium 
(hatched bar) and high (dark bar) levels of highly unsaturated fatty acid (HUFA). (Source: modified from Merchie 1996, 
copyright 1996 with permission of FAO.) 


Artemia nauplii treated with Bacillus subtilis. Larvae fed the 
B. subtilis-treated nauplii were found to have higher sur¬ 
vival and a faster rate of metamorphosis than larvae that 
were fed with nontreated Artemia nauplii. In an attempt 



0 2 4 6 8 10 12 

Larval Stage Index 

Fig. 6.7 Polynomial regressions of the estimated 24- 
hour LC 50 values for total ammonia nitrogen (TAN) as 
a function of the larval stage index of M. rosenbergii lar¬ 
vae fed either enriched or starved Artemia , demonstrat¬ 
ing the difference in quality between the two cultures of 
larvae. (Source: modified from Cavalli et at. 2000, copy¬ 
right 2000 with permission of Elsevier.) 


to alter the sex ratio in giant freshwater prawn, Baghel 
et al. (2004) bioencapsulated Artemia with different lev¬ 
els of alpha-methyl testosterone and fed these to prawn 
larvae for 50 days. Although not completely successful, a 
significant difference in sex ratios was obtained compared 
to the control group. However, the authors concluded that 
more research is needed with regard to doses and dura¬ 
tion of treatments for complete hormonal control of sex 
differentiation in M. rosenbergii. 

6.3 Other larval feeds 

6.3.1 Non-Artemia live feeds 

In section 6.1 of this chapter we have already mentioned 
that rotifers ( Brachionus plicatilis ) are not suitable as a sole 
feed for M. rosenbergii larvae. Nevertheless, in an attempt 
to reduce reliance on Artemia for prawn larval rearing, 
Thomaz et al. (2004) replaced Artemia nauplii (5 ml/day) 
with frozen enriched rotifers at different proportions. While 
total replacement of Artemia led to total larval mortality, 
thus confirming earlier reports, the authors showed it was 
possible to replace up to 60% of the Artemia ration with 
rotifers without significant detrimental effects. 
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Moina is occasionally used as a non -Artemia live feed in 
the larviculture of freshwater prawns. Whereas Artemia is 
an Anostracan, Moina belongs to the sub-order Cladocera, 
which are small crustaceans that almost exclusively live in 
fresh water. A thick carapace encloses the whole trunk, ex¬ 
cept the head, and there is also a saddle ridge on the poste¬ 
rior part of the body; both of which may interfere with the 
digestibility by predators. Moina thrives in freshwater ponds 
and reservoirs but primarily inhabits temporary ponds or 
ditches. The period to reach reproductive maturity takes 4 
to 5 days at 26°C. Females are bigger than males (1.0—1.5 
versus 0.6-0.9 mm) and carry only two eggs enclosed in an 
ephippium which is part of the dorsal exoskeleton. Moina 
can also be mass cultured using various waste products 
as a food source (Punia 1988; Shim 1988), and produced 
biomass has been successfully used in the larviculture of 
several fish species and the giant freshwater prawn. The 
nutritional composition of Moina depends on the diet ad¬ 
ministered, but is generally high in proteins and low in 
n-3 HUFA. Enrichment can be carried out using the direct 
method, i.e. by culturing them on baker’s yeast in combina¬ 
tion with emulsified marine oils. Experiments have shown 
that Moina takes up n-3 HUFA in the same way, although 
slower, than Artemia nauplii, reaching a maximum concen¬ 
tration of 40% after a 24 hour feeding period (Delbare & 
Dhert 1996). 

Generally, most freshwater prawn hatcheries prefer 
Artemia over Moina as a live food source because of its 
higher nutritional value and digestibility, its better availabil¬ 
ity, and because it thrives well in brackishwater conditions. 
Moina does not tolerate salt water and survives only for 

5 to 10 minutes in 12 p.p.t. water (Tattanon & Ruangpanit 
1978). The dead Moina sink to the bottom of the tank where 
they become unavailable for the prawn larvae and, hence, 
their decomposition results in deterioration of the rearing 
water quality. They can, however, be adapted to salinities 
up to 7 p.p.t. (Aniello 8t Singh 1980) and S. Pitipornchai 

6 B. Nuang-saeng (pers. comm. 1999) reported maximal 
survival for 4 to 6 hours at that salinity. 

Direct replacement of Artemia by Moina micrura without 
affecting production conditions for M. rosenbergii is only 
possible from stage VI onwards: earlier stages apparently 
have low ingestion rates of Moina , which may be related to 
the difficulty in capturing and ingesting the relatively large 
live prey (Alam et al. 1995a). This confirms earlier find¬ 
ings of Alam et al. (1993a) who reported high mortalities 
in prawn larvae fed Moina during the first 7 days of cul¬ 
ture. Nevertheless, S. Pitipornchai & B. Nuang-saeng (pers. 
comm. 1999) reported that in Thai commercial hatcheries, 
even at a reduced salinity of 6 to 8 p.p.t. and after a 1-week 
Artemia feeding period, the substitution by Moina still re¬ 
sulted in a 20% lower postlarval survival, i.e. 40 to 60%. 
Alam etal. (1993b) suggested that the n-3 HUFA composi¬ 


tion of Moina affected the larviculture output. A good tool 
to overcome this problem could be the addition of marine 
oils to the egg custard that is co-fed during the daytime to 
the prawn larvae (Alam et al. 1995b). 


6.3.2 Inert feeds 

Artemia , especially when enriched, have become the stan¬ 
dard food for successful hatchery culture of freshwater 
prawn larvae (Devresse et al. 1990; Merchie et al. 1995b; 
Romdhane et al. 1995). However, interest continues with 
the development of formulated feeds that will better sup¬ 
plement or completely substitute this live food during the 
larval production phase. The main incentives for this effort 
are the high cost and uncertain supply of cysts, the need 
for extra infrastructure to hatch the cysts and enrich the 
larvae, and the potential for introducing pathogens into the 
culture tanks. 

Early efforts in M. rosenbergii larviculture involved the 
addition of fish flesh as a commonly used feed supplement 
for Artemia in Hawaii, Asia and South America (Malecha 
1983; New & Singholka 1985; Valenti 1985). More recently, 
hatcheries have used an improved variation of this farm- 
made feed. Minamizawa & Morizane (1970) and Murai & 
Andrews (1978) successfully supplemented newly hatched 
brine shrimp with chopped fish and short-necked clam, and 
freeze-dried oyster meat, respectively. New (2002) recom¬ 
mended alternative farm-made larval feeds that included a 
range of ingredients, including mussel flesh and skimmed 
milk as well as fish flesh and fish meal (see also section 
6.3.2.1). Efforts by Daniels etal (1992), Valenti etal. (1998) 
and Pitipornchai (1998) have confirmed the validity of this 
strategy by showing that Artemia nauplii alone do not pro¬ 
vide all of the nutritional requirements of M. rosenbergii for 
late-stage larval growth. This is true of n-3 fatty acids, no¬ 
tably DHA (22:6 n-3). The nutritional deficiency of Artemia 
was also illustrated in the results of the study conducted 
by Nair et al. (2007) who found that supplementing 50% 
Artemia with 50% of a commercially available, freeze dried 
product consisting of an arctic lake copepod rich with PU- 
FAs and astaxanthin (Cyclop-eeze®) was effective. Use of 
this product yielded survival to metamorphosis that was 
significantly greater than that of larvae fed a control diet 
of Artemia and egg custard alone. In addition, the practice 
of supplementing Artemia has been shown to improve the 
survival and metamorphosis of prawn larvae (Pitipornchai 
1998). These findings support the supplementation use of 
Artemia with an inert feed. Though widely accepted, these 
natural-product based supplemental feeds have a number of 
drawbacks that limit their use in intensive hatchery systems, 
for example highly variable size of the particles; variability 
in nutrient quality and composition; high leaching rates; 
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potential bacterial contamination; and an inherent detri¬ 
mental influence on culture water quality. As a result, focus 
has turned to production of more uniform, formulated (ar¬ 
tificial) diets, which do not have these inherent negative 
characteristics. 

6.3.2.1 Supplemental diets - egg custard formulations 

To date, artificial diets have not generally been found to 
be as successful for prawn larval rearing as with marine 
shrimp. These inert feeds are most commonly based on 
semi-moist egg-custard formulations that are easily pro¬ 
duced at commercial hatcheries. Farm-made custard-style 
feeds in Thailand originate from the work of Chacheongsao 
Fisheries station, which received United Nations Develop¬ 
ment Programme (UNDP/FAO) assistance during the late 
1970s and early 1980s (Boonyaratpalin & New 1993). These 
larval diets (Table 6.4) basically consist of egg custard, made 
from a mixture of whole eggs and full-fat milk powder. Milk 
powder (2 scoops or 9 g) is first stirred in 200 ml of hot wa¬ 
ter. Six chicken eggs are added and the whole portion is 
then homogenised in a blender and steamed for at least 
20 minutes or until cooked. Sometimes a vitamin premix is 
added. An important factor in the satisfactory preparation 
of this feed is the warming-up of the container in which 
the ingredients are mixed, because this results in a softer 


Table 6.4 Composition and nutritive value of 
egg-custard feeds for M. rosenbergii larvae in Indonesia 
and Thailand. 


Ingredients 

Quantity 

« 

Fish meal 

100 g 

- 

Skimmed milk 

250 g 

9g 

Duck egg 

10 pieces 


Chicken egg 

- 

6 pieces 

Freshwater 

250 ml 

300 ml 

Wheat flour 

250 g 

- 

Vitamin C 

5 tablets 

- 

Vitamin A & D 

50 drops 

- 

Vitamin B complex 

5 tablets 

- 

Tetracycline 

5 capsules 

- 

Calcidol 

10 ml 

- 

Proximate analyses 

% dry matter 


Protein 

22.8 

44.4 

Fat 

4.5 

39.4 

Carbohydrate 

49.0 

8.2 

Fibre 

5.7 

- 

Ash 

3.3 

3.8 

Moisture 

14.7 

4.2 


* Adisukresno et al. (1982). 

** Tunsutapanich et al. (1984); Pitipornchai (1998). 


feed which is preferred by the prawn larvae (A. Tunsuta¬ 
panich, pers. comm. 1999). Fish, crab, squid and mollusc 
meat, which are ground and sieved to a particle size of 300 
to 500 pm, are sometimes added to these egg custards. The 
cooked custard is broken up into small particles through a 
series of fine sieves, according to the size of larvae. In prac¬ 
tice this farm-made feed is freshly prepared every 2 days 
(Tunsutapanich et al. 1984; Pitipornchai 1998). The egg 
custard is administered during daytime only, during which 
time the quantity of Artemia nauplii gradually declines un¬ 
til the evening, when new nauplii are added. In Thailand, 
after metamorphosis occurs, the PL are normally fed with a 
100% custard diet, of which a portion of the eggs is substi¬ 
tuted by fish, crab, squid and/or mollusc meats previously 
ground and sieved to a size of 300 to 500 pm. 

Corbin etal. (1983) and New (2002) recommended that 
inert feed particles of about 0.3 mm should be used up 
to rearing day 10 to 12; from then until metamorphosis, 
particles that gradually increased to 1.0 mm were suitable. 
Sick & Millikin (1983) reported that porous, pliable gels cut 
into 3 mm cubes were readily acceptable to all larval sizes. 
In Brazil, the optimal range of feed particles for different 
larval stages are stated to be 0.2 to 0.4, 0.4 to 0.7 and 0.7 
to 1.0 mm for larval stages IV to VI, VII to VIII and IX 
to PL, respectively (Correia & Castro 1998). The graded 
particles are then collected and stored in a refrigerator. A 
study comparing feed intake and acceptance of both dry and 
wet formulated feeds (Barros & Valenti 2003a) found no 
significant differences between the size of the inert diet and 
the food intake frequency. The amount of feed consumed, 
measured by microscopic examination of the gut, was not 
dependent on food size. Prawn larvae during stages VII to 
XI fed equally well on Artemia and a wet diet, suggesting 
that larvae could be fed nauplii to stage VI, followed by a 
shift to inert diets from stage VII onwards. 

Nair & Hameed (1992) described the use of a coagu¬ 
lated suspension of 1 kg oiAhelly (Metapenaeus dobsonii) 
meat mixed with 10 hens eggs in commercial freshwater 
prawn larviculture in India. After blending and coagula¬ 
tion by gentle cooking, this feed was sieved to produce 200 
to 400 pm particles for larval stages up to IV, 400 to 600 pm 
for stages V to VIII and 600 to 1000 pm for stages IX to 
XI. This feed was supplied with a daily (evening) supply of 
Artemia at 3 to 5 nauplii/ml. Alam et al. (1995b) describe 
an egg custard enriched with cod liver oil, which was used 
in conjunction with Moina micrura for feeding freshwater 
prawn larvae. 

Lipid and fatty acid nutrition continue to be a focus in 
improving the efficacy of inert diet formulations. In com¬ 
paring growth and fatty acid composition of M. rosenbergii 
larvae, Kamarudin 8c Roustaian (2002) examined the re¬ 
placement of cod liver oil with corn oil in different pro¬ 
portions. The larval fatty acid profile reflected that of the 
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diet and while PUFAs were dominated by n-3 fatty acids, 
the ratio of n-3 to n-6 fatty acids remained stable among 
treatments, suggesting the importance of specific fatty acid 
requirements by larvae. No evidence of de-novo synthesis 
of linoleic acid was apparent. However, the higher percent¬ 
age of arachidonic acid found in larval tissue compared to 
that test of diets and Artemia, suggest the ability of larvae 
to synthesise this fatty acid by elongation and desatura¬ 
tion of linoleic acid. In a comparison of egg-custard diets 
containing various ratios of squid oil (SO) to soybean oil 
(SBO) and lecithin, Hein et al. (2005) reported that SO 
treatments resulted in the greatest total body length and 
survival. This was likely to be due to the higher concen¬ 
tration of n-3 HUFAs, especially EPA (20:5 n-3) and DHA 
(22:6 n-3) contained in the SO, which was also reflected in 
the fatty acid composition of the PL as compared to less 
n-3 HUFAs present in PL fed the SBO diet. Supplemental 
lecithin was shown to improve survival and metamorpho¬ 
sis, though not weight gain. These results contrast with 
earlier findings with juveniles that did not show increased 
survival, and may indicate that phospholipid requirements 
are age-dependent. The findings of this study illustrates that 
a diet containing 3% SO and 1.5% lecithin would be useful. 
The formula for an egg-custard diet used in some Brazilian 
freshwater prawn hatcheries is given in Table 6.5. 

As has been stated previously, prawn larvae do not 
actively capture their prey, and the ability of larvae to 
catch sufficient food relies on the frequency of encounter. 

Table 6.5 Composition and nutritive value of 
egg-custard feeds for M. rosenbergii larvae used in 
Brazil. (Reproduced from Mallasen & Valenti 1998, 
copyright 1998 with permission of Blackwell Publishing.) 


Ingredients 

Wet weight % 

Chicken egg 

34.0 

Squid flesh 

10.0 

Fish flesh 

10.0 

Dried milk 

4.0 

Wheat flour 

2.0 

Fish liver oil 

0.8 

Vitamin mix 

0.7 

Mineral mix 

0.7 

Water 

37.8 

Total 

100.0 

Proximate analysis 

Dry weight % 

Crude protein 

45.07 

Crude fat 

22.55 

Fibre 

- 

NFE 

23.55 

Ash 

8.83 

Total 

100.00 

Gross energy (kcal/kg) 

4,989.20 


NFE = non-fibrous extractives. 


Buoyancy and water stability are therefore critical char¬ 
acteristics for the development of successful formulated 
diets. Jones et al. (1993) reported that the herbivorous 
larval feeding strategy employing a short gut retention time 
and low assimilation efficiency relies on a fast turnover to 
balance metabolic requirements and hence is well adapted 
to utilise artificial diets, which are relatively indigestible. 
In contrast, M. rosenbergii larvae have a long gut retention 
time to extract maximum energy from ingested prey. Diets 
should therefore be highly digestible, providing energy 
in a form that can be most efficiently used. However, 
at present the knowledge of specific nutritional require¬ 
ments of prawn larvae are yet to be fully documented 
(Chapter 12). 

6.3.2.2 Supplemental diets - micro-bound feeds 

From rearing day 10 onwards in a recirculation hatchery, 
Daniels et al. (1992) used a supplemental diet, consisting of 
85% cleaned squid, 10% chicken eggs, 3% beef liver powder 
and 2% cod liver oil bound with an alginate hardened by 
CaCL. This semi-moist feed was separated through 250, 
425, 600, 850 and 1000 pm sieves and partially air dried 
before use. In an effort to produce a more uniform feed 
particle, a field trial was conducted (M. Frinsko, pers. 
comm. 2008), which included cooking the squid (1kg 
for 40 min) in an 8 L stove-top pressure cooker. Cooking 
broke down the connective tissues, reducing the elastic 
quality of the meat. After cooling, the meat was removed 
and minced using a commercial spice grinder, producing 
a much smaller and more uniform ingredient. After 
mixing with the other ingredients, formation into patties, 
air-drying and grinding, the resultant microbound diet 
was significantly more uniform and consistent in size and 
shape. When administered, this diet was efficiently utilised 
by stage IV larvae as they were attracted to it and actively 
began consuming it immediately upon placement into the 
culture tanks. Particles of semi-moist feeds have a disad¬ 
vantage because they tend to stick together, forming larger 
than desired particles. Another field test was conducted 
(M. Frinsko, pers. comm. 2008) to further improve particle 
size, separation and uniformity. Following the previously 
detailed incorporation of production changes, the diet was 
spread out on trays and then placed on racks in a conven¬ 
tional electric oven. After drying at 60° C for 15 minutes, the 
moisture content was reduced to approximately 5%. The 
feed was then ground as a dry product, which was effectively 
sieved to sizes as needed. This ‘dry’ feed was consumed 
well by the larvae and was fed at smaller particle sizes than 
normal due to water absorption caused from the alginate in 
the diet. This diet remained buoyant or semi-buoyant for 
approximately 15 minutes, eventually settling to the tank 
bottom. 
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Bell (1994) postulated that the problem for early feed¬ 
ing stages did not reside in nutritional inadequacy of the 
micro-encapsulated diets (MED) but rather a lack of as¬ 
similation capacity. Unlike penaeid shrimp, first-feeding 
freshwater prawn larvae do not have anterior midgut di- 
verticulae, which are the main sites for digestive enzyme 
production during the early larval stages in marine shrimp 
(Lovette & Felder 1990; Abubakr & Jones 1992). The hep- 
atopancreas (midgut gland) of freshwater prawns is also 
relatively small during early larval stages. A considerable 
increase in the level of trypsin activity coincides with the 
expansion of the hepatopancreas after stage V (Jones et al. 
1993), when larvae are able to survive on formulated di¬ 
ets (Deru 1990). On the other hand, Kamarudin (1992) 
found that amylase levels in the herbivorous protozoeal 
stages of Marsupenaeus japonicus were much higher than 
those observed in the early stages of carnivorous shrimp 
larvae. Specific amylase content in M. rosenbergii larvae can 
only be observed from stages VI to VIII to PL, suggesting 
that prawn larvae become less exclusively carnivorous as 
they grow (Kamarudin et al. 1994). Thus, they may have 
specific nutritional requirements during the first-feeding 
period. It is postulated that in previous experiments (Ohs 
et al. 1998) egg albumen may have been a less digestible 
protein ingredient than assumed. Kovalenko et al. (2002) 
fed a high moisture micro-bound diet exclusively to stage 
V to XI of M. rosenbergii. After 14 days, larval growth us¬ 
ing this diet was 90% of that found for larvae fed Artemia 
nauplii exclusively. The greater assimilative efficiency of this 
diet compared to that of Ohs et n/.(1998) maybe due to the 
higher digestibility of casein or the egg yolk protein, which 
was not present in the earlier tests. 

Additional problems could be attributed to ingestion and 
gut retention time. Deru (1990) found that early larval 
stages of M. rosenbergii rapidly accept and consume micro¬ 
capsules; however, Kumlu (1995) demonstrated that after 
a short period of consumption, the microcapsule is to¬ 
tally rejected. Sick 8< Millikin (1983) examined the effect of 
adding selected attractants to a porous gel diet consisting 
of fish, soybean and shrimp meals on M. rosenbergii. These 
workers found that the addition of ovalbumin, in combi¬ 
nation with certain amino acids (proline, arginine, glycine, 
taurine), resulted in significantly higher ingestion rates by 
all larval stages. However, Teshima et al. (2000) stated that 
protocols to test rates of ingestion may need re-evaluation. 
These authors indicated that use of inert marking tools, 
such as cholestane, dotriacontane and other long chain hy¬ 
drocarbons would improve the accuracy of the data. Daily 
data collection was recommended to derive more effectively 
meaningful experimental results, i.e. to ensure that nutri¬ 
ents are being consumed at known rates. 

Early attempts at exclusive replacement with MED 
throughout the larval cycle have generally not been effective. 


Table 6.6 Ingredient composition (% dry weight) and 
results of proximate analysis of the experimental 
microbound diet. (Reproduced from Kovalenko et al. 
2002, copyright 2002 with permission of Elsevier.) 


Ingredient 

Amount (%) 

Egg yolk 

38.45 

Casein (vitamin free) 

14.69 

Fish protein hydrolysate 

15.38 

Rice starch 

7.69 

Refined soy lecithin 

1.92 

Wheat gluten 

3.85 

Menhaden oil 

5.63 

Canthaxanthin (10%) 

2.31 

Cholesterol 

0.12 

Ascorbyl palmitate 

0.04 

Vitamin premix BML #2 a 

1.15 

Betaine 

0.15 

KH 2 P0 4 

1.15 

Choline chloride 

0.38 

Mineral premix 

1.54 

Glucosamine 

0.15 

Alginate 

5.38 

Moisture 

62.5 

Protein 

46.1 

Lipid 

37.4 

Ash 

5.6 

Nitrogen free extract (NFE) (by difference) 

10.9 


a Composition not specified. 


Ohs et al. (1998) evaluated a spray-dried artificial diet for 
prawns and found that the survival and growth rates of 
larvae were poor when larvae were fed the artificial diet 
exclusively. Deru (1990) demonstrated that M. rosenbergii 
larvae could survive on MED from zoea VI to VII to meta¬ 
morphosis. This finding was observed again at stages VI to 
VII to PL by Barros and Valenti (2003a) when particle sizes 
of the wet diet ranged from 250 to 1190 pm. 

Kovalenko et al. (2002) developed and tested a micro¬ 
bound, micro-particulate formulated diet that served as 
the first complete replacement for live Artemia nauplii from 
stage V through PL. Survival and growth achieved with the 
micro-bound diet were similar to that achieved with live 
food. The formula for this diet is found in Table 6.6. In 
2007, a few kilograms of a micro-bound diet described by 
Kovalenko et al.( 2002) were produced as a dry feed (12% 
moisture) using a proprietary manufacturing protocol (L.R. 
D’Abramo, pers. comm. 2008). During a 30 day culture pe¬ 
riod, this semi-purified diet was fed exclusively to larvae 
from stage II to X, in a clearwater recirculating culture sys¬ 
tem (M. Frinsko, pers. comm. 2008). Each of three separate 
750 L tank systems were stocked with stage I larvae at 125/L. 
This field trial was conducted at a commercial hatchery. In 
the absence of Artemia supplementation, projected growth 
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Table 6.7 Formula for micro-encapsulated diet for 
freshwater prawn larvae in Brazil. 


Quantity 

Ingredient 

800 g 

Squid 

2 

Chicken eggs (white and yolk) 

30 ml 

Cod liver oil 

1 tablespoon 

Mineral salts 

1 capsule 

Vitamins A/D/E 

250 mg 

Sodium alginate 

0.5 g 

Calcium chloride 

1000 ml 

Water (12 p.p.t.) 


and development among the individual tank systems was 
similar according to standard management practices. Un¬ 
fortunately, all larvae died between stages IX and X, ap¬ 
parently the result of a water quality related outbreak of 
bacterial pathogens. While it remains unclear whether this 
diet can perform similarly to Artemia alone or in conjunc¬ 
tion with traditional supplemental feeds, it is apparent that 
the development of an exclusive micro-bound diet is likely 
to occur. Experience with this dry formulation showed that 
it was attractive to the larvae, was water stable, and either 
floated or remained semi-buoyant for at least 15 minutes af¬ 
ter feeding (long enough to the raptorial feeding behaviour 
of the larvae), and provided sufficient nutrition to produce 
larvae through stage X. 

The ingredient composition of another, micro¬ 
particulate diet, also used in some hatcheries in Brazil 
(P. Castro, pers. comm, to E. Correia, 1998), is presented 
in Table 6.7. It is certain that many variants of inert feeds 
are used in freshwater prawn hatcheries; probably there are 
as many variants as hatchery managers! Overall, hatchery 
success not only relies on the high nutritive value feeds, but 
also on the skill of the hatchery staff. Nevertheless, most 
prawn hatcheries continue to rely on simple farm-made 
feeds in combination with Artemia nauplii. 

6.4 Feeding strategies 

Newly-hatchedM. roseufoergiilarvaearearound2to2.2 mm 
in length. They normally start feeding about 1 day after 
hatching and initially require live zooplankton. Their prey 
should be of a suitable size for ingestion; the optimal size is 
estimated at 300 to 500 pm. Newly hatched Artemia nauplii 
are considered the most successful starter diet but, after 
the first rearing week, are usually fed in combination with 
prepared diets. 

Sick & Beaty (1975) maintained an Artemia density of 
0.1 nauplii/ml in an early experiment that involved in¬ 
ert feeds for freshwater prawn larvae. However, New & 
Singholka (1985) pointed out that they did not actively 
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Fig. 6.8 Ingestion rates of M. rosenbergii larvae feed¬ 
ing on Artemia nauplii and M. micrura. (Source: modified 
from Alam et al. 1995a.) 


seek food and recommended the maintenance of 1 to 
5 nauplii/ml, depending on the size of the prawn larvae. 
Furthermore, these authors suggested that the level in the 
rearing water should never fall below 1 nauplius/ml to en¬ 
sure maximal encounter possibilities. This practice is com¬ 
monplace in Thailand but 5 to 15 nauplii/ml were used in 
Hawaiian hatcheries (New 1990). Many failures in early 
freshwater prawn hatcheries were associated with inade¬ 
quate supplies of feed because hatchery operators did not 
realise the essentiality of providing food organisms close 
to the prawn larvae (M. New, pers. comm. 2008). Feed¬ 
ing rates of up to 100 nauplii per prawn larva by day 15 
(= ~5 nauplii/ml) were applied by Daniels et al. (1992). 
Ingestion rates of live food for the various larval stages of 
freshwater prawns were reported by Alam et al. (1995a; 
Fig. 6.8). Ensuring that Artemia are available throughout 
the day, to avoid either over- or under-feeding, is essen¬ 
tial (New 2002). Energy intake in M. rosenbergii is directly 
proportional not only to Artemia concentration but also to 
Artemia size. Sick & Beaty (1975) demonstrated that stage 
VII to VIII prawns attained a maximum energy ingestion 
of 0.0066, 0.062 and 1.014 cal/mg animal DW/h, respec¬ 
tively, when fed 0.7, 1.5 or 5.5 mm brine shrimp. More 
recently, Barros & Valenti (2003b) also evaluated ingestion 
rates for the different larval stages relative to prey density 
ranging from 2 up to 12 Artemia nauplii/ml. Ingestion rate 
significantly increased as food density increased. The re¬ 
sults of this study furthermore suggested that four levels of 
ingestion occur during larval development, ranging from 
about 40 nauplii/day in stages II, III and IV, 55/day in stages 
V and VI to 80 to 100/day in stages VII and VIII. From 
stage IX onwards, maximum ingestion exceeded the load 
capacity of the medium, indicating the necessity to supple¬ 
ment Artemia with an inert feed. As highlighted in section 
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6.2.5, it is furthermore recommended that Artemia nauplii 
should be enriched with HUFA/vitamin C-fortified prod¬ 
ucts to enhance their nutritional composition prior to their 
administration to the prawn hatchery tanks. 

Although greenwater (Chapter 5) culture systems, de¬ 
signed to enhance the availability of natural food organ¬ 
isms through fertilisation, as well as to improve rearing 
water quality, were in favour in many freshwater prawn 
hatcheries in the 1970s (New 1990), almost all small and 
large hatcheries operate on clearwater systems because they 
are easier to manage (New 1995; see also Chapter 5). Some 
exceptions were noted in the early 1990s in Malaysia (Brown 
1991) and Mauritius (Thompson et al. 1992). The rear¬ 
ing water of commercial hatcheries therefore currently has 
minimal inherent nutritional value; the larvae are almost 
entirely dependent on the live food and inert feeds that 
the hatchery operators supply. Several investigators have 
discussed the potential role of unicellular algae in the suc¬ 
cessful culture of Macrobrachium sp. However, the cause 
and effect relationship between the algae and larval nutri¬ 
tion has never been established. Maddox & Manzi (1976) 
studied the effects of seven species of unicellular algae on 
rates of survival and metamorphosis and concluded that all 
algal species enhanced the successful culture of larvae, with 
the diatom Phaeodactylum tricornutum as the most effective 
species. On the other hand, Sick & Beaty (1975) could not 
demonstrate a nutritional effect of phytoplankton added to 
larval culture systems, while Joseph (1977) was not able to 
detect any fatty acid assimilation from algal populations in 
M. rosenbergii rearing tanks. Cohen et al. (1976) confirmed 
that M. rosenbergii larvae did not ingest 14 C-tagged algae. 
Also, enzymatic studies showed that first-feeding prawn 
larvae are carnivorous rather than herbivorous (Jones etal. 
1993). Thus the contribution of unicellular algae may be 
rather a greenwater effect than a nutritional one (i.e. they 
assist in maintaining acceptable water quality conditions, 
antibiotic activity, etc.). 

In order to economise on hatchery feed costs, Artemia 
nauplii may be supplemented with Moina sp. The use of 
farm-made larval feeds is commonplace and some fresh¬ 
water prawn hatcheries use commercially prepared larval 
feeds. Aquacop (1983), Daniels et al. (1992) and Valenti 
et al. (1998) suggested the use of brine shrimp nauplii as a 
sole food up to day 10 to 12 for maximal hatchery output. 
After that, the use of an inert feed as a supplement to, or 
a total substitute for, Artemia is applied for cost-effective 
reasons, and without affecting survival and growth, in the 
larval culture of M. rosenbergii. Alam et al. (1995a) claim 
that a complete replacement of brine shrimp by Moina 
micrura, a cheap live food source, is possible from stage V 
onwards, without affecting growth or survival of the prawn 
larvae. This has, however, not been confirmed in commer¬ 
cial operations in Thailand, where a 20% lower postlarval 


Table 6.8 Variations of food amount allowed per larva 
per day during larval rearing. (Source: Aquacop 1983.) 


Day 

Artemia nauplii (No.) 

Pellets (pg DW) 

3 

5 

0 

4 

10 

0 

5-6 

15 

0 

7 

20 

0 

8 

25 

0 

9 

30 

0 

10-11 

35 

0 

12 

40 

70 

13-14 

45 

80-90 

15-24 

50 

100-180 

25-30 

45 

200 

30 

40 

200 


DW = dry weight. 


survival rate was obtained (S. Pitipornchai & B. Nuang- 
saeng, pers. comm. 1999). An example of a feeding strat¬ 
egy for the hatchery rearing of M. rosenbergii is given in 
Table 6.8. 
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Macrobrachium rosenbergii nursery systems are an interme¬ 
diate stage between larval rearing and grow-out in which 
postlarvae (PL) are cultured at relatively high densities from 
metamorphosis to PL, to advanced sizes. For the purpose 
of this chapter, PL refers to recently metamorphosed juve¬ 
nile prawns (‘juveniles’) ranging in weight from 6 to 10 mg. 
At the conclusion of the nursery period, PL are generally 
referred to as nursed juveniles. The duration of the nurs¬ 
ery period and optimal size of juveniles differs geographi¬ 
cally, primarily according to the duration of suitable water 
temperatures for pond grow-out (the shorter the growing 
season the larger the nursed juveniles needed). 

The nursery phase was first suggested by Ling (1969a). 
There are several advantages to stocking nursed juveniles 
as compared to stocking PL directly into grow-out ponds. 
Survival to harvest is generally improved because larger 
nursed juveniles are hardier than PL (Willis 8c Berrigan 
1977; Sarver etal. 1982; Alston 1989; Valenti 1996). Juveniles 
are more resistant than PL to predation, cannibalism and 
fluctuating environmental conditions (New 8c Singholka 
1985; Ling 1969b; Fujimura 8c Okamoto 1972; New 2002). 
In addition, stocking nursed juveniles generally results in 
larger average individual weight, higher production and a 
potentially higher value of harvested prawn (Sandifer 8c 
Smith 1975; Ra’anan 8c Cohen 1982, 1983). 

The nursery phase is especially important for locations 
where climatic and water restrictions do not allow contin¬ 
uous culture (New 1990, 1995). The development and use 
of freshwater prawn nurseries in temperate climates has 
made it possible to extend the growing season in temperate 
regions where culture is temperature-restricted to only 4 
to 8 months of the year (Sandifer 8c Smith 1978; Smith & 
Sandifer 1979b; Cohen 8c Barnes 1982; Ra’anan 8c Cohen 
1982; Sandifer et al. 1982, 1983; Smith et al. 1983; Ra’anan 
et al. 1984). In temperate climates, nursery reared ani¬ 
mals are required at the beginning of the outdoor season, 
therefore, production of juveniles occurs during the colder 
months of winter and early spring. At pond stocking, ju¬ 


veniles of the proper size and number must all be available 
at the same time, so that the maximum number of days in 
production ponds can be performed. The fewer the number 
of available production days, the greater the importance of 
stocking nursed juveniles of the appropriate size. 

Nurseries are also employed in tropical regions to max¬ 
imise production efficiency in grow-out ponds, as PL can 
be cultured at much higher densities for the first 1 to 
3 months than usual for grow-out production (Alston 1989, 
1991; New 2002). In tropical areas, prawn nursery systems 
can be incorporated into existing outdoor production sys¬ 
tems and can be achieved in either indoor tanks, outdoor 
ponds or cages suspended in ponds. Compared to stock¬ 
ing PL directly into grow-out ponds, the nursery phase 
provides more control over water quality, feeding sched¬ 
ule, diet and predators (Malecha 1981; Sarver et al. 1982; 
New & Singholka 1985; Alston 1989). In addition, the larger 
size of nursed juveniles allows them to compete more ef¬ 
fectively for food with older prawn in continuous culture 
or selective harvest operations. In tropical climates, the age 
and size of nursed juveniles varies widely because hatcheries 
hold them in tanks or ‘ hapas ’ suspended in ponds until 
they are sold (Chowdhury et al. 1993; New 2002). Stock¬ 
ing nursed juveniles in tropical climates makes it possi¬ 
ble to obtain up to three yearly cycles in grow-out ponds 
(Zimmermann 8c Sampaio 1998). 

7.1 Indoor nurseries 

Indoor nurseries (Fig. 7.1), also known as primary nurs¬ 
eries in tropical regions, vary according to country, climate, 
region and management strategy. Short-term indoor 
nurseries may serve as an extension of the hatchery phase 
(Cohen 8c Ra’anan 1989) to adapt PL to freshwater and 
maintain PL until sold. Aquacop (1983) found that main¬ 
taining high densities of PL (10 000 PL/m 3 ) in hatcheries 
for more than a few days leads to high mortality. Typically, 
when the PL density in larval tanks is above 2/cm 2 on the 
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Fig. 7.1 Indoor hatchery, Dominican Republic. Note: 
parallel support lines (wires) above each concrete 
square tank are used to hang netting for nursing the 
postlarvae (PL) indoors for a few days after the larval cy¬ 
cle is completed. (Reproduced with permission of Dallas 
E. Alston.) 


tank bottom or 50 000/m 3 , newly metamorphosed PL are 
transferred to larger tanks to reduce density and minimise 
losses from cannibalism, typically for a 2- to 8-week nursery 
period (Aquacop 1983). The stocking density is based on 
the duration of the nursery period, and the target size of 
juveniles (Zimmermann & Sampaio 1998). In temperate 
regions, indoor nursery culture is carried out at the end 
of the winter in temperature-controlled recirculation 
systems provided with artificial substrate to increase the 
two-dimensional surface area within tanks (Valenti & 
Tidwell 2006). In tropical regions, indoor nursery culture 
may be performed throughout the year and may use 
recirculation, water exchange or flow-through systems 
(Rodrigues etal. 1991). 


7.2 Outdoor nurseries 

Outdoor nurseries (Fig. 7.2), also known as secondary 
nurseries in tropical regions, are similar to grow-out 
ponds. Depending on management strategies, outdoor 
nurseries can be stocked with newly metamorphosed PL 
or juvenile prawns from primary nurseries. In a 2-phase 
system, juveniles from primary nurseries (juvenile I) are 
often cultured in outdoor nursery ponds for an additional 
4 to 10 weeks until they reach 0.8 to 1.5 g, at which point 
they are generally referred to as juvenile IIs (Valenti 1996; 
Zimmermann 8t Sampaio 1998). Other strategies may 
bypass the outdoor nursery and juveniles may be stocked 
from the primary nursery directly into grow-out ponds. 
The tank or pond areas of outdoor nurseries vary from 300 
to 2000 m 2 (Valenti 1990). 



Fig. 7.2 Nursery ponds protected from predators with 
bird netting. Note: this system was originally used to pro¬ 
tect these 500 m 2 ponds from predators. Later, farmers 
started using unscreened ponds because incoming wa¬ 
ter was filtered. Predator eggs laid on the surface of the 
water (e.g. dragonflies) hatch out into forms too small to 
prey on prawn PL. (Reproduced with permission of Lucy 
Bunkley-Williams.) 


7.3 Nursing in cages 

The nursing of PL in cages is still experimental. Paniker & 
Kadri (1981) reported no difference in weight gain of ju¬ 
veniles raised in cages compared to those raised in con¬ 
ventional concrete tanks. Stanley & Moore (1983) studied 
the growth of 3.3 g prawns stocked at low densities of 10/m 2 
bottom area during an 8-week period. When fed bound and 
unbound versions of three commercial diets designed for 
broiler chicken, catfish and marine shrimp, survival ranged 
from 96 to 100% and biomass increase ranged from 17.6 to 
21.6 g/m 2 . 

Marques et al. (1996, 1998) stocked newly metamor¬ 
phosed PL into 2mx Imx lm cages constructed from 
screen with a shade rating of 75%. The animals were fed 
daily at 100% of their total biomass. Stocking densities of 
2,4, 6 and 8 PL/L yielded average weights and survival rates 
ranging from 50 to 28 mg and 100 to 79.3%, respectively. 
These authors also stocked cages with 0.19 g juveniles at 
50 and 100 prawns/m 2 Feeding rates were 10% of biomass 
during the first month and 5% during the second month. 
After 2 months, survival was 86 and 75%, and mean weights 
were 3.2 and 2.4 g, respectively. 

Marques etal. (2000) evaluated the effects of high density 
cage culture of prawn PL in two phases: primary nursery 
(20 days) and secondary nursery (60 days). In the primary 
nursery phase, newly metamorphosed PL were stocked for 
20 days at densities of 2, 4, 6, 8 and 10 PL/L. In the sec¬ 
ondary nursery phase (60 days), the densities tested were 
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100, 200, 300, 400, 600 and 800 PL/m 2 , where density was 
based only on the cage bottom and cages did not contain 
additional substrate. For the primary phase, average weight 
gain ranged from 0.05 to 0.032 g and survival ranged from 
94.7 to 62.8% at the lowest and highest densities, respec¬ 
tively. For the secondary phase, average weight gain ranged 
from 0.74 to 0.30 g and survival ranged from 87.7 to 78.3% 
at the lowest and highest stocking densities, respectively. 
Nursing in cages is inherently space limited; therefore the 
addition of substrate should be evaluated to increase allow¬ 
able stocking densities. 


7.4 Multi-phase nursery systems 

Multi-phase nursery systems include two phase nurseries, 
multi-stage stocking systems and modified batch produc¬ 
tion techniques. These systems are designed to efficiently 
produce larger nursed juveniles typically of more than 1 g. 

Two-phase nurseries were developed in Israel during the 
early 1980s. In Phase I, newly metamorphosed PL were 
stocked at densities of 1000 to 10 000/m 3 for the first 15 
to 30 days (Cohen et al. 1981; Ra’anan 1983; Ra’anan & 
Cohen 1984). Juveniles were then stocked into Phase II 
ponds at lower densities, varying from 100 to 200/m 2 for 
a 60 day period. Survival rates were reported to be 92 and 
85% for Phases I and II, respectively. Commercial grow-out 
operations incorporating a two-phase nursery system have 
reported production rates of 4.5 t/ha/yr or higher (Silva & 
Alencar 1990; Valenti & Tidwell 2006). 

Multi-stage stocking systems are designed to increase 
pond production efficiency by maintaining a steady-state 
mixed population of various sizes or age groups in Phase I 
(juvenile) and phase II (adult) ponds. Typically, PL are 
initially stocked into Phase I ponds at approximately 5 to 
10 PL/m 2 . After 120 days, 5 to 10 g animals are transferred to 
Phase II ponds for grow-out and PL are restocked. Malecha 
(1981) described a multi-stage stocking and harvesting sys¬ 
tem to optimise growth. Initially one pond would be stocked 
at twice or three times the optimum stocking density for 
a 1 to 3 month nursery phase. Subsequent thinning and 
transfer of the juvenile prawns results in two or three ponds 
stocked at the optimum stocking density for grow-out. 

In a Modified Batch System used in Puerto Rico from the 
1980s, PL are stocked into nursery ponds at relatively high 
stocking densities of 200 to 400 PL/m 2 for 60 to 90 days. 
Survival of PL to juveniles typically ranges from 60 to 90% 
in the nursery pond. Juveniles (0.3-0.5 g) are then harvested 
from the nursery pond and stocked at 20 to 30/m 2 into Phase 
I ponds (juvenile ponds) without existing populations. Ju¬ 
venile ponds are then harvested after 2 to 3 months and 
monthly thereafter to remove 9 to 15 g animals. These sub¬ 
adult prawns are then stocked into grow-out ponds with 


existing populations. Juvenile ponds are then either con¬ 
verted to grow-out ponds to allow remaining animals to 
grow to marketable size, or are drained and refilled. Drain¬ 
harvesting juvenile ponds into a catch basin to increase sur¬ 
vival and reduce labour costs associated with seining, and 
size grading nursed juveniles into at least two size groups 
prior to stocking is recommended (J. Glude, pers. comm. 
1988). 


7.5 Facilities 

Indoor nursery tanks (Fig. 7.3) are usually constructed from 
tiles, concrete or fibreglass. The tanks, usually placed in¬ 
side buildings or greenhouses, may have square, rectangu¬ 
lar, round or octagonal shapes, with areas varying from 
10 to 50 m 2 (Zimmermann & Sampaio 1998) and depths 
of about 1 m. Supplemental aeration is required and an 
automatic generator or back-up aeration system is recom¬ 
mended (Valenti 1996). 

Indoor nurseries may employ flow-through or recircu¬ 
lating water management systems. Flow-through systems 
are only used in tropical climates, as heating water is cost 
prohibitive in temperate climates. In flow-through systems, 
water continuously enters from tanks, frequently placed 
above the nursery tanks, and exits at the lowest point of 
the tank through a vertical standpipe with an outside sleeve 
(pipe with a larger diameter) extending higher than the wa¬ 
ter surface. This drainage system draws water from the tank 
bottom where food waste and detritus settle. Standpipes 
are covered with a 1 mm mesh screen to prevent PL from 



Fig. 7.3 Typical indoor nursery tank used in the USA 
with substrate and recirculating biofiltration. (Repro¬ 
duced with permission of Charles Weibel.) 
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escaping (Zimmermann & Sampaio 1998). In spite of the 
continuous water movement in flow-through systems, tank 
bottoms are siphoned periodically at some facilities to re¬ 
move food wastes, faeces and decomposing organic matter 
(Borba et al. 1993). Some nurseries allow organic matter to 
accumulate to enable PL to graze on settled waste or sludge. 

Nurseries in temperate climates rely on recirculating sys¬ 
tems with bio-filtration and heaters, usually housed within 
well insulated buildings, where water exchange is used only 
to make up for losses due to evaporation and back-flushing 
(Coyle et al. 2003a). In temperate nursery production, it is 
cost prohibitive to maintain suitable water quality through 
water exchange due to the cost of heating and replacing 
water. The cost of heating water can account for more than 
50% of the operational costs of prawn nursery operations 
in temperate climates (Coyle & Tidwell 2007). Some indoor 
nurseries use alternative energy sources such as geothermal 
water sources or sunlight to minimise their cost (Sandifer & 
Smith 1985; Redman et al. 1990). 

In nurseries using recirculating systems, water is contin¬ 
uously recirculated through biological filters, which con¬ 
vert ammonia to less toxic nitrate. Depending on target 
production densities, recirculation nursery systems should 
recirculate water through a biological filter from 3 to 
24 times/day (Sandifer et al. 1983; Zimmermann & Sampaio 
1998). Addition of sodium bicarbonate is necessary to re¬ 
place alkalinity lost through the nitrification process. As 
these systems involve limited water change, environmental 
conditions remain relatively stable. Also, because biomass 
densities are relatively low (<1 g/L; harvest density), low 
cost, simple filtration systems such as submerged down¬ 
flow or upwelling filter systems are suitable. 

Optimum lighting conditions for prawn nurseries are 
not clearly defined. Photoperiod has been shown to affect 
food consumption, moulting frequency, the incidence of 
cannibalism and growth performance of some crustaceans. 
Since the nursery phase of temperate prawn production oc¬ 
curs indoors, the light cycle can be readily controlled if a 
particular light regime was determined to be significantly 
beneficial. Withyachumnarnkul et al. (1990) reported that 
juveniles grown for 110 days under total darkness (L0:D24) 
had higher weight gains than those grown under other light 
regimes (L12:D12, L16:D8 or L20:D4). Although Lin (1991) 
reported that growth and survival of freshwater prawn lar¬ 
vae increased as the period of light increased. Tidwell et al. 
(2001) evaluated the effect of different light regimes, using 
full-spectrum fluorescent lighting, on growth and survival 
of juvenile freshwater prawns under nursery conditions; 
after 60 days, survival was significantly greater in prawns 
reared under continuous light L24:D0 (72%) than those 
raised under L12:D12 (59%) or L0:D24 (58%). These au¬ 
thors suggested that continuous light conditions could have 
a positive impact on survival during the nursery phase. 


possibly by reducing activity of the primarily nocturnal 
prawns and therefore the incidence of encounter leading to 
cannibalism. 


7.6 Water quality 

The general topic of water quality in grow-out systems is 
fully covered in Chapter 13 but some observations that are 
specifically relevant to nursery systems and the rearing of 
juveniles are included here. Mortalities, related to water 
quality in indoor nurseries, usually result from low dis¬ 
solved oxygen and/or high concentrations of nitrogenous 
compounds (Zimmermann & Sampaio 1998). Prawn PL 
are also extremely sensitive to contamination of tank water 
with toxicants such as arsenic in treated lumber, pesticides, 
hydrogen sulphide, and heavy metals such as copper and 
zinc (Coyle et al. 2003b). Further information on survival 
is contained in section 7.10 of this chapter. 

The oxygen demand of prawns varies as a function of 
water temperature and size (Malecha 1983). Nelson et al. 
(1977) reported metabolic rates of M. rosenbergii juveniles 
for several combinations of water temperature and salinity, 
concluding that oxygen consumption rate was primarily af¬ 
fected by temperature and animal body weight. At a salinity 
of zero, the metabolic rate was higher at 20 to 27°C than at 
27 to 34°C. Niu et al. (2003) evaluated the effects of tem¬ 
perature on oxygen consumption of freshwater prawn PL 
and reported weight-specific oxygen consumption rates at 
23,28 and 33°C were 0.83,1.16 and 1.49 mg 0 2 g/h, respec¬ 
tively, for 62 mg PL. Although PL will survive at dissolved 
oxygen concentrations of 1 mg/L for short time periods, it 
is recommended that dissolved oxygen levels be maintained 
at approximately 5 mg/L in intensive culture (Sandifer et al. 
1983). 

Total-ammonia concentrations above 1 mg/L have been 
shown to reduce growth (Straus et al. 1991); presumably 
levels above these will result in decreases in survival. Mor¬ 
talities due to acute nitrite toxicity in commercial nursery 
systems have been observed to occur when nitrite levels 
reach more than 4 mg/L nitrite-nitrogen and/or when to¬ 
tal ammonia-nitrogen levels reach concentrations of more 
than 3 mg/L. Addition of salt can help reduce the effects of 
toxicity to nitrite. Some prawn nurseries maintain a salinity 
of 3 to 5 g/L throughout the nursery phase to protect against 
nitrite toxicity and aid in acclimation from larval tanks. 

Temperature is a major factor in animal performance (see 
also Chapter 9). Optimum temperatures for prawns have 
been reported to range from 27 to 33°C (Fujimura 1974; 
Smith & Sandifer 1979a; Sandifer et al. 1983). Sandifer & 
Smith (1985) reported that growth and survival rates de¬ 
crease when temperatures are less than 22°C and greater 
than 32° C. However, Niu et al. (2003) reported a significant 
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increase in weight gain at 33°C (0.82 g final average weight) 
compared to those reared at 23 and 28° C (0.41 and 0.62 g, 
respectively). Kneale & Wang (1979) found that the best 
growth rates occurred at temperatures of 28°C, although 
survival rates were 34% higher at 24°C. 

Temperatures lower than 20° C have been reported to de¬ 
crease growth rate and may cause mass mortality (Coelho 
et al. 1982; Valenti 1985). Malecha (1983) suggested that 
PL should not be stocked into ponds with a water temper¬ 
ature of less than 20° C. It has been reported that growth 
ceases below 19°C and mortality begins at 16°C (Ra’anan 8; 
Cohen 1982). Sarver et al. (1982) studied the low tempera¬ 
ture tolerance of 1- to 4-day-old PL and reported a survival 
of 76.2% over a 24 hour period at 19°C, but only 3.8% at 
17°C. Ortega-Salas & Arana-Magallon (2006) reared PL for 
120 days at different temperatures and reported reduced 
survival in prawns reared at 20°C (67%) compared to those 
reared at 33°C (81%). However, Sandifer et al. (1986) re¬ 
ported that temperatures from 20 to 27°C decreased post- 
larval size variation and increased survival rates. Discrep¬ 
ancies in optimal temperatures maybe due to differences in 
experimental design, as well as strain differences in animals 
adapted to different geographical locations. 

Sandifer etal. (1986) studied the effects of compensatory 
growth in PL previously held at reduced temperatures. An¬ 
imals previously reared for 8 weeks at 18 to 20°C and 23 
to 25°C displayed rapid growth when temperatures were 
elevated to 28 to 30°C. In 6 weeks, they reached the same 
size and weight of animals maintained at 28 to 30°C. How¬ 
ever, this growth rate recovery was accompanied by a large 
variation in size distribution. Hatcheries in temperate cli¬ 
mates operate during the winter months with a relatively 
narrow ‘window of opportunity’ for producing nursed ju¬ 
veniles of the appropriate size. Once nursed juveniles reach 
a size of more than 0.5 g, typically after 60 days of nursery 
culture, they become increasingly cannibalistic; this limits 
the duration of the nursery period. However, given the po¬ 
tential of compensatory gain, it may be possible to extend 
the production window for hatcheries (potentially allowing 
time for additional larval cycles) by producing PL early and 
maintaining them at reduced temperatures at first. 

Generally, the water quality requirements of prawns 
raised in outdoor nursery ponds are the same as previ¬ 
ously discussed for indoor tanks regarding water temper¬ 
ature, dissolved oxygen and nitrogenous compounds. The 
primary water quality concern unique to outdoor nurseries 
is photosynthetically induced high pH due to dense algae 
blooms, which can cause prawn mortality. 

Sarver et al. (1982) reported a correlation between high 
mortality of stocked PL and high pH values over a 4 day 
period. Several authors have suggested that PL should not 
be exposed to pH levels greater than 9.0 for the first few 
weeks (Aquacop 1983; Hummel & Alston 1984; Hummel 


1986; Alston 1989; Straus et al. 1991; Diaz-Barbosa 1995). 
Pond pH values also affect the relative toxicity of ammonia. 
According to Straus et al. (1991), juveniles should not be 
exposed to total ammonia concentrations higher than 1 or 
2 mg/L for pH values of 9 and 8.5, respectively. 

Hummel (1986) found that mass mortalities may occur 
at pH levels of 9.5 or greater in aquaria trials where pH was 
adjusted with sodium hydroxide. This author also tested 
the effects of fluctuations in pH on PL mortality in out¬ 
door greenwater and clearwater pools. Higher mortalities 
were recorded for greenwater, where maximum pH values 
rose to 10.5 compared to 9.0 in clear water. Diaz-Barbosa 
(1995) exposed PL to abrupt chemical adjustments of pH. 
PL mortality was 100% after being subjected to pH 9.3 for 
4 hours. For pH 9.1, the same mortality was reached after 
32 hours. Diaz-Barbosa (1995) also determined the effects 
of gradually acclimatising PL to chemically adjusted pH 
values in two different systems. In one system, pH was 
decreased from 9.1 to 8.1 and then increased from 8.1 to 
9.1. In the other system, pH was first increased and then 
decreased. The results showed that although there was a 
significant difference between the two systems during the 
initial stages of the experiments, there was no significant 
difference in mortality rates at the end of the experiment. 

Hummel (1986) determined the effect of stocking time 
on PL mortality in greenwater and clearwater systems. PL 
were stocked into greenwater and clearwater pools at four 
different times of day (12:30, 18:30, 00:30 and 06:30 h). PL 
mortality recorded for the greenwater treatment was sig¬ 
nificantly higher than for clearwater for all stocking times. 
Animals stocked in greenwater at 18:30 and 00:30 hours 
showed lower mortality than animals stocked at other times. 
At these stocking times (18:30 and 00:30 h), pH values were 
relatively high (pH 9.8 and 9.6, respectively), but were de¬ 
creasing. This exposure to high, then decreasing pH appar¬ 
ently had some acclimation value that lessened mortality in 
green water. Thus, the work of Hummel (1986) indicated 
that if it is unavoidable to stock PL with high pH, the best 
stocking time of the day would be during the evening or 
night when pH is relatively high, but decreasing. 

Filling ponds with well water or clear water (lacking al¬ 
gae) is preferable to avoid high pH values. Some facilities 
rely on daily water exchange rates of 15 to 30% of the total 
volume to reduce pH levels. Routine application of simple 
carbohydrate sources such as corn, molasses or sugar at rel¬ 
atively low doses of lOkg/ha/day have been used to lower 
pH in ponds by providing a carbon source for carbon diox¬ 
ide and carbonic acid production. Clarosan (terbutryn), 
applied at relatively low doses of 1 to 2 mg/L, has been 
suggested as an algaecide to control phytoplankton blooms 
and thus reduce pH values in ponds (Aquacop 1979). Main¬ 
taining both total alkalinity and calcium hardness concen¬ 
trations of more than 50 mg/L by addition of agricultural 
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limestone and agricultural gypsum, respectively, is used to 
help stabilise pH, primarily in areas with acidic soil. 


7.7 Controlling predaceous insects in 
nursery ponds 

Predation by aquatic insects can be a particularly important 
problem in nursery ponds, especially when PL are stocked 
directly into ponds, foregoing the indoor nursery phase 
(Alston 1989). 

Historically the standard method used for air-breathing 
insect eradication has been the surface application of 
petroleum-based products of motor oil and diesel fuel to 
create a thin film on the pond surface, thereby preventing 
respiration by air-breathing insects. D’Abramo et al. (1995) 
recommended a 2:1 ratio of motor oil to diesel fuel at a rate 
of 9 to 19 L/ha prior to stocking juvenile freshwater prawns. 
In an effort to avoid the environmental concerns over the 
use of petroleum based treatments, Bright et al. (2002) eval¬ 
uated the effectiveness of plant and animal source oils for 
control of air breathing insects. Notonecta sp. was chosen 
as the test animal since it has been reported to be the most 
destructive air-breathing insect predator in nursery ponds 
(Gonzalez & Leal 1995). Corn oil and menhaden fish oil 
were found to be as effective as petroleum mixtures. Men¬ 
haden fish oil was slightly more effective than corn oil at the 
low application rate of 1.48 mL/m 2 , although both resulted 
in complete insect mortality at the high application rate of 
4.45 mL/m 2 . 

Dragonfly nymphs are probably the most detrimental 
predaceous insect and since they are not air breathers, 
they cannot be controlled with surface applications of oil. 
Ponds are frequently covered with plastic netting to avoid 
predators, especially dragonfly nymphs (Insecta: Odonata) 
(Grana-Raffucci & Alston 1987; Alston 1989; Valenti 1996; 
Zimmermann & Sampaio 1998). Other management strate¬ 
gies avoid utilising netting by filling nursery ponds 1 to 
2 days before PL are stocked (Alston 1989). Cavalcanti 
(1997) observed that the density of dragonfly nymphs de¬ 
creased during the culture period if stocking was done 3 
to 7 days after filling the ponds. Ponds laden with Chara 
(Chlorophyta) have more dragonfly nymphs, while ponds 
with no weeds have more swimming predators such as 
backswimmers, also known as water boatmen (Insecta: 
Hemiptera, Notonectidae) (Grana-Raffucci & Alston 1987; 
Alston 1989). When pumping from surface waters to fill 
ponds, intakes should be filtered to prevent introduction of 
fish and insect larvae. 

Juarez&Rouse (1983) found that predaceous insects may 
be controlled with the organophosphate pesticide trichlor- 
fon (dimethyl [ 2 , 2 , 2 -trichloro-lhydroxyethyl] phosphate). 
Juvenile prawns (1 g) had calculated lethal concentrations 


after 96 hours exposure to trichlorfon at 0.25 mg/L (LC 15 ), 
0.46 mg/L (LC 50 ) and 0.62 mg/L (LCso). The results of this 
study also suggest that PL and juveniles smaller than 1 g 
maybe more sensitive to trichlorfon. Mulla & Rouse (1985) 
found little growth and survival improvement after treating 
with 0.25 mg/L trichlorfon in plastic pools and suggested 
that, while trichlorfon was effective in controlling unwanted 
insects, unfavourable changes occurred in the natural biota. 

Outdoor ponds are generally filled several days before 
stocking; however, the time of stocking varies. Samocha & 
Lawrence (1992) stocked from 10 to 14 days after filling 
to increase primary and secondary natural production and 
to stabilise the pH. However, Valenti (1995, 1996) found 
that predators and competitors become established quickly 
and recommended that ponds be stocked immediately after 
filling. Ponds that are stocked immediately after filling with 
filtered water have no predators and no photosynthetically- 
induced pH changes. Under these circumstances there may 
be a slight reduction in growth from the lack of natural 
food, but increased survival may outweigh this effect. 

Further reading on the general topic of predation control 
is available in Chapter 9 (section 9.2.3). 


7.8 Stocking and the use of substrates 

The transfer of fragile PL from larval rearing tanks to in¬ 
door nursery tanks or outdoor nursery ponds is a deli¬ 
cate operation. Recently metamorphosed PL have experi¬ 
enced a drain on their metabolic reserves (Zimmermann & 
Sampaio 1998). In addition, PL moult frequently and their 
soft shells increase the chance of death by damage or phys¬ 
ical trauma during handling. Sarver et al. (1982) suggested 
that even under the ‘best conditions’, 10 to 20 % stocking 
mortality should be expected when stocking PL into ponds 
or nursery tanks. To determine survival rates after stock¬ 
ing, a sub-sample of the animals can be evaluated within a 
mesh bag (‘ hapa ’) suspended in the tank or pond. If survival 
is poor after 24 to 48 hours, more PL should be stocked. 
Understocking is much easier to remedy than overstocking 
(Sarver et al. 1982). 

As prawn larvae do not metamorphose to PL simul¬ 
taneously, a range in sizes from 0.006 to 0.01 g typically 
develops in larval tanks prior to acclimation to freshwater. 
The mean weights of PL are usually obtained by taking 
several sub-samples that are counted and weighed; these 
are used to estimate the total number and mean weight of 
the animals stocked into nursery enclosures. Several studies 
have evaluated automated postlarval counters with errors 
ranging from about 5 to 7%, with postlarval damage not 
significantly greater than the sub-sample process described 
above (West & Thompson 1983; West et al. 1983; Welch 
etal. 1989). 
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Fig. 7.4 Additional substrate constructed from plastic 
mesh netting placed in horizontal layers. (Reproduced 
with permission of Dallas E. Alston.) 


PL stocking rates may be related to the maximum load¬ 
carrying capacity of the system and the amount of surface 
area within the tank or pond, and may be expressed both 
in terms of area (m 2 ) or volume (m 3 ). Provision of sub¬ 
strate increases the available surface area throughout the 
water column, decreases the frequency of energy requir¬ 
ing agonistic encounters and may provide additional food 
resources by the growth of periphyton on the substrate. 

Stocking densities in outdoor nursery facilities vary from 
75 to 1500 PL/m 2 (Alston 1989; Rodrigues & Zimmermann 
1997). High water exchange rates, diet and the use of aera¬ 
tors are factors that allow higher stocking densities during 
this phase. Artificial substrates (Fig. 7.4) such as plastic 
screens are sometimes used in the outdoor nursery phase. 
Results are variable, but the substrates may reduce cannibal¬ 
ism, increase survival, increase pond biomass and increase 
mean animal size (Ra’anan etal. 1984; Mulla& Rouse 1985). 

Stocking densities in indoor nurseries usually vary from 
500 to 6000 PL/m 2 , depending primarily on the duration 
of the culture period (Zimmermann 8t Sampaio 1998). 
Sandifer etal. (1983) suggested that stocking density should 
be inversely proportional to the culture period, as higher 
stocking densities typically result in decreases in survival 
and average weight. This would suggest that optimum 
PL stocking densities in nursery tanks will depend upon 
the target size of the nursed juveniles as well as the du¬ 
ration of the nursery period. Thus, the duration of the 
nursery period may be shortened when PL are stocked at 
lower densities. Sampaio et al. (1996) found survival rates 
did not change at densities from 200 to 1000 PL/m 3 dur¬ 
ing 20 day culture periods. However, mortality increased 
with culture periods of 30 days, or with stocking rates 
above 2000PL/m 3 . Valenti (1996) recommended stocking 


densities of 2000 PL/m 3 with a substrate surface area of 
200 PL/m 2 during a 15-day period. New (2002) recom¬ 
mended PL densities of up to 5000 PL/m 2 for 1 week, or up 
to 1500 to 2000 PL/m 2 for 1 month. 

In the USA, juveniles are generally marketed as 60 day 
nursed juveniles but may be actually 30 to 90 day PL, de¬ 
pending upon many variables, including suitable water tem¬ 
perature for pond stocking. Tidwell et al. (2003) evaluated 
the production of juveniles nursed for 60 days compared to 
those nursed for 120 days in ponds and reported no differ¬ 
ence in average weights at harvest. Coyle etal. (2005a) com¬ 
pared stocking 30 and 60 day nursed juveniles and reported 
significantly higher average individual weights and produc¬ 
tion with 60 day juveniles. Tidwell & Coyle (unpublished 
data) compared juveniles nursed for 45, 60 and 90 days 
and found no significant difference in final average weight 
or production. Longer nursery periods increase the pro¬ 
duction costs of juveniles, which may exceed US$ 100/1000 
after a more than 60 day indoor nursery period (Faria & 
Valenti 1995). 

PL and juveniles are susceptible to intra-specific attacks 
and cannibalism during moult and post-moult stages. Sur¬ 
vival at the end of the nursery phase can vary substantially 
and is related to the territorial and cannibalistic nature of 
PL when cultured at high densities. Artificial substrates can 
be used to increase the amount of two-dimensional space 
available to prawns, yielding an increase in survival and pro¬ 
duction. With the addition of artificial substrate (Fig. 7.5), 
PL utilise the full three-dimensional volume of the tank, 
rather than only the walls and bottom. Artificial substrates 
enhance survival, production and feed conversion. Indoor 
nurseries utilise artificial substrates of various designs and 
materials to increase surface area. 

A wide range of stocking densities has been used in ex¬ 
perimental nursery systems (Table 7.1), ranging from 200 



Fig. 7.5 Nursed juveniles evenly distributed on sub¬ 
strate. (Reproduced with permission of Charles Weibel.) 



Table 7.1 Nursed postlarvae (PL) of M. rosenbergii in various units 3 . 
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' Plastic mesh substrate oriented horizontally. 
k Plastic mesh substrate oriented vertically, 
n.a. - not available 
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to 6000 PL/m 2 of surface area provided by the tank bottom 
and addition of substrate. Coyle atal. (2003a) evaluated PL 
stocking densities of 215, 430 and 860/m 2 relative to the 
amount of artificial substrate (bird netting) provided and 
reported reduced survival at 860/m 2 (62%) compared to the 
other treatments; 215/m 2 (94%) and 430/m 2 (78%) after 
a 60 day nursery period. These authors reported that even 
with reduced survival, the higher stocking density (860/m 2 ) 
produced greater numbers of nursed juveniles on a volume 
(5.5/L) and area (527/m 2 ) basis than lower densities with 
no significant decrease in average weights. Average vari¬ 
able cost computations indicate that the 860/m 2 stocking 
density was the most economical choice of the 3 densities 
evaluated. However, Coyle et al. (2003a) concluded that in 
situations where PL are expensive or difficult to obtain and 
high survival is essential to the nursery operator, relatively 
low stocking densities (200-400/m 2 ) and/or culture periods 
(40-50 days) may be advantageous. 

Many different types of natural and artificial substrates 
have been used in prawn nurseries to allow increases in 
stocking densities and limit the effects of cannibalism on 
survival. Initially, aquatic plants, palm leaves, branches, 
pebbles or shells were used in nursery tanks to provide 
shelter for animals to increase survival rates (Ling 1969a; 
Fujimura & Okamoto 1972; Sandifer & Smith 1977). To 
avoid inefficient and impractical natural habitats. Smith & 
Sandifer (1975) utilised artificial substrates in the form of 
plastic mesh in high-density tanks. Coyle et al. (2003a) 
used artificial substrates in the form of horizontally-layered 
sheets of 0.625 cm black plastic mesh with a 10 mm open¬ 
ing, supported by PVC frame and with a 5 cm separation 
between layers, and reported good growth and survival. 

Artificial substrate designs are often based on a be¬ 
havioural characteristic of prawns, termed the ‘edge ef¬ 
fect’ (Sandifer et al. 1983). When substrates are more or 
less solid layers, prawns exhibit a pronounced preference 
for the edges. Mesh layers increase the amount of surface 
edges available to the prawns in both vertical and horizontal 
planes. Artificial substrates may be constructed with plastic 
netting (screen) in several layers over wood, aluminium or 
PVC pipes (Sandifer et al. 1983; Smith et al. 1983; Faria & 
Valenti 1995; Sampaio 1995). Substrates should be sus¬ 
pended above the tank bottom by 0.1 m or more to fa¬ 
cilitate siphoning wastes. Sandifer et al. (1983) suggested 
that 50 mm-wide strips placed horizontally could serve as 
feeding stations. 

Substrate can be installed in either horizontal or vertical 
orientations. Vertical orientation maybe preferred because 
it could allow increases in inclusion rates and potentially 
improve water flow and solids collection in nursery tanks. 
Tidwell et al. (2005) evaluated substrate orientation where 
substrates were either positioned horizontally or vertically 
in the water column. After 30 days, average weight of prawns 


and survival were not significantly different between the 
vertical and horizontal substrate treatments, which overall 
averaged 0.27 g and 92%, respectively. After 60 days, there 
was no significant difference in average weight or survival 
between populations in the horizontal (0.57 g; 81%) and 
vertical treatments (0.56 g; 84%); this indicated that sub¬ 
strate orientation has no significant impact on prawn nurs¬ 
ery survival or average weight. New (2002) suggested that 
hanging the mesh vertically allows the prawns easy access 
to the tank bottom to search for feed and allows detritus to 
fall to the tank bottom, where it can be siphoned out. 


7.9 Feeding strategies 

Information on the nutrition and feeding of prawns is re¬ 
viewed thoroughly in Chapter 12, while the nutrition and 
feeding of larvae is covered in Chapters 5 and 6. This cur¬ 
rent section refers specifically to factors especially relevant 
to nursery systems. 

PL are able to consume larger food items than larvae. 
Reported feeds include particles of shrimp or fish, corn, 
soybean or wheat (Sampaio 1995). They will also consume 
larval and adult insects, snails, oligochaetes, fish, fish faeces 
and other PL. 

Fresh foods are often used in pond based nursery sys¬ 
tems and can be used in small nursery tanks employing 
intensive management techniques, although deterioration 
of water quality may occur. Valenti (1996) recommended 
feeding two separate daily rations consisting of 3 g of beef 
liver/1000 PL. Borba et al. (1993) used one to four separate 
daily rations consisting of eggs, fishmeal, cod liver oil, pow¬ 
dered milk, molluscs, gelatin and Spirulina; this mixture 
was cooked in a water bath and sieved. Coyle et al. (1996) 
evaluated the relative acceptability and suitability of natu¬ 
rally occurring pond organisms identified as likely natural 
food items. Growth and survival were highest for juveniles 
fed live zooplankton compared to those fed oligochaetes, 
gastropods or a nutritionally complete pelleted diet. The 
authors suggested that pond management strategies to max¬ 
imise zooplankton production and/or supplemental provi¬ 
sion of zooplankton in nursery tanks should be evaluated. 

In ponds, fresh trash fish can be fed directly or as a 
supplement to prepared diets. Culled female tilapia finger- 
lings from mixed-sex tilapia populations can serve as a food 
source after tilapia males have been manually separated for 
monosex grow-out. The female tilapia may be ground to¬ 
gether with equivalent portions of a 32% protein commer¬ 
cial tilapia feed and frozen until fed. Since decaying fish 
flesh may cause water quality problems, this management 
technique needs to be used cautiously. 

There has been a tendency for nursery operators to sup¬ 
plement prawn nursery rations with diets designed for other 



n8 Freshwater Prawns 


Table 7.2 Weekly feed projection for freshwater prawn nursery. (Modified from D'Abramo et al. 1 995, copyright 1 995 
with permission of Mississippi State University.) 


Week 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Average weight (g) 

0.01 

0.015 

0.02 

0.04 

0.07 

0.1 

0.2 

0.3 

0.4 

0.5 

% body weight/day 

15 

15 

14 

13 

12 

11 

10 

9 

8 

7 

g/1000PL 

1.5 

2.25 

2.8 

5.2 

8.4 

11 

20 

27 

32 

35 


species (e.g. catfish, marine shrimp) (M. New, pers. comm. 
2008). This practice has also been common in research 
work. For example, Sandifer et al. (1983) and Smith et al. 
(1983) suggested supplementing a 25% crude protein ra¬ 
tion with a mixture of cooked eggs, fish gonads, squid, fresh 
fish and spinach. Molina-Vozzo et al. (1995) supplemented 
a commercial fish feed with 20% beef liver, creating a diet 
with a combined protein level of at least 40%, to obtain bet¬ 
ter growth and survival. Cohen et al. (1981) and Ra’anan & 
Cohen (1982) utilised a mixed ration which consisted of 
43% (by weight) minced fresh fish (tilapia) fed twice a 
day, 46% of live Daphnia and 11% carp ration (25% crude 
protein) once a day. Although costly, they considered this 
diet contained essential nutrients. The diet was used with a 
100% daily water exchange to minimise water quality and 
disease problems. 

In the USA, prawn nurseries rely solely on prepared crus¬ 
tacean diets or trout feed during the nursery phase. This 
may be in part due to the universal use of recirculation 
systems; in these, fresh feeds can result in deterioration of 
water quality requiring daily water exchange. Crustacean 
diets are different from those for finfish in that they contain 
additional binding agents or differences in the manufactur¬ 
ing process that increases pellet stability. This is important 
as prawns are generally considered grazers that feed con¬ 
tinuously throughout the day and night. In addition, some 
manufactured crustacean diets may contain feed attractants 
that aid in chemoreception. 

Although there is ample information available regard¬ 
ing the nutritional requirements of juveniles, most nursery 
producers in the USA feed relatively high protein marine 
shrimp diets containing >40% protein due primarily to in¬ 
creased availability. Typically, PL are fed a 0.5 mm crumble 
for the first 30 days and a 1.0 mm crumble sinking diet for 
the final 30 days. Hari & Kurup (2003) evaluated differ¬ 
ent dietary protein levels and protein sources for juvenile 
prawns and reported the highest growth rate and maximum 
utilisation of protein in prawns fed 300g/kg dietary protein; 
further increases in dietary protein did not have any added 
advantage. These authors also found that equal proportions 
(1:1) of plant and animal protein resulted in better growth 
performance than ratios of 1:2 or 2:1. 

In most nurseries, the amount of food presented varies 
from 10 to 20% of initial prawn biomass (Sandifer & Smith 


1975;Mancebo 1978; Corbin etal. 1983; Sandifer etal. 1983; 
Karplus et al. 1990; Heinen & Mensi 1991) and diminishes 
with time. However, Sampaio et al. (1997) improved sur¬ 
vival rates by increasing feeding rates from 30 to 60% of 
initial prawn biomass. Increased survival was attributed 
to increased food availability. In some nurseries, food is 
supplied in excess and quantities are adjusted according 
to the quantity of uneaten food from the previous feeding 
(Sampaio 1995). D’Abramo etal. (1995) provided a detailed 
feeding chart for nurseries based on assumed weekly weight 
gain over a 60-day nursery period typical of temperate cli¬ 
mate nursery production. This chart has been adapted and 
presented as Table 7.2. 

Lovell (1978) suggested that multiple daily rations in 
prawn hatcheries increase consumption and nutrient in¬ 
take, reduce losses of soluble nutrients into the rearing wa¬ 
ter, and minimises food disintegration and wastage. How¬ 
ever, Sampaio et al. (1997) considered that feeding more 
than once a day did not change postlarval development in 
an indoor nursery. Heinen & Mensi (1991) reported that 
PL with initial weights ranging from 9 to 16 mg showed 
higher weight gain and survival rates when fed only a sin¬ 
gle daily ration. They concluded that the prawns had an 
opportunity to graze during a 24 hour period on the sub¬ 
mersed feed colonised by micro-organisms, thus providing 
a supplementary food source. In practice, some commercial 
nurseries feed twice daily (once in the morning and once in 
the afternoon) while others feed only once, usually in the 
afternoon. 


7.10 Survival 

The factors controlling the growth and survival of fresh¬ 
water prawns are reviewed in a number of other chapters, 
particularly Chapters 9 and 12, while the special condi¬ 
tions influenced by heterogenous individual growth (HIG) 
are mentioned briefly in section 7.12 of the current chapter 
and covered in Chapter 16. This section refers specifically to 
the survival of freshwater prawns during the nursery period, 
which seems primarily affected by two related factors, water 
volume/surface area and the incidence of encounter (social 
activity). Mortalities may result from disease, poor water 
quality (see section 7.6), system failure and cannibalism; 
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however, cannibalism appears to be the primary cause 
of mortality during the indoor nursery stage. In spite of 
M. rosenbergii being a relatively disease-resistant species, 
diseases can cause mortality during the nursery phase. The 
relative incidence of focal spontaneous muscle necrosis le¬ 
sions in nursed juveniles may be an indicator of postlarval 
fitness (Sarver et al. 1982). 

Kneale 8t Wang (1979) reported the effects of age, tem¬ 
perature, stocking density and substrate on the survival of 
prawns nursed for 60 to 80 days. These authors reported 
that survival was generally inversely proportional to the ini¬ 
tial stocking density, showing a high of 84% at 150 PL/m 2 
and a low of 39% at 1500 PL/m 2 . Average individual weight 
was greater at lower stocking densities of less than 600/m 2 
(0.8—1.0 g) compared to higher stocking densities (0.4 g). 
Survival was higher in prawns cultured at 24°C (78%) 
compared to 28°C (43%). Temperature also significantly 
increased overall growth, yielding an average of 0.41 g at 
28°C compared to 0.23 g at 24°C. Temperature can also in¬ 
fluence size variability. Sandifer et al. (1986) reported less 
size variability at culture temperatures of 18 to 25°C than 
at higher temperatures. 

Kneale & Wang (1979) also noted a rapid shift in mortal¬ 
ity rate, referred to as the ‘breakpoint’, that occurs between 
the 8th and 9th weeks of age for juvenile prawns. These au¬ 
thors indicated that the occurrence of the breakpoint was 
not influenced by temperature, number of habitats per tank, 
density, mean weight or biomass for tanks stocked at densi¬ 
ties of more than 900 PL/m 2 . However, no breakpoint was 
observed for tanks with stocking densities below 600/m 2 , 
which suggests that density may effect the incidence of the 
breakpoint. Sandifer & Smith (1975) stocked cylindrical 
tanks at 10 to 200 PL/m 2 and also reported a rapid decline 
in survival between days 42 and 57. Willis et al. (1976) ob¬ 
served a similar occurrence during the second week. In the 
USA, juveniles are typically sold as ‘60 day nursed juveniles’. 
Sixty day juveniles have become an industry standard over 
time as pond producers, realising that pond production of 
large prawns is clearly a function of the size of the ani¬ 
mals at stocking, demanded the largest juveniles possible. 
Subsequently, commercial nursery operations determined 
that, at practical stocking densities of 200-600/m 2 , losses 
from cannibalism after 8 weeks become significant and cost 
prohibitive (Craig Upstrom, pers. comm. 2008). These ob¬ 
servations support the ‘breakpoint’ phenomena suggested 
by Kneale & Wang (1979). 

D’Abramo et al. (2000) evaluated individual as well as 
synergistic effects of water volume, surface area and rate of 
water replacement on weight gain of individually cultured 
prawn PL. After 60 days, weight gain of juvenile prawns 
was 232% greater under conditions of both greater water 
volume and surface area (100% increases). Higher water 
replacement did not compensate for lower volume. A sec¬ 


ond trial was conducted to determine at what point growth 
reduction identified in the first trial became operative. Sig¬ 
nificant reductions in weight gain began to occur when 
a critical biomass density of approximately 500 mg/L was 
attained. This response reflects the relationship between 
maximum density and body size relative to culture volume. 
This is especially important in research, where growth is 
used as the primary or only response variable to compare 
different treatments. 

To maximise weight gain over time, production based 
systems for the commercial culture of crustaceans must 
incorporate designs to minimise reductions in growth re¬ 
sulting from high biomass density or high incidence of en¬ 
ergy demanding aggressive encounters. The observations 
of Kneale & Wang (1979) and D’Abramo et al. (2000) are 
related to the operative maximum carrying capacities of ex¬ 
perimental nursery culture systems. Although there are ob¬ 
viously differences between producers and even individual 
units, in indoor commercial nursery operations the typical 
maximum biomass densities achieved are normally < 1 g/L. 
Knowledge of the maximum carrying capacity of the ani¬ 
mal and production system allows the implementation of 
efficient management strategies such as selective harvest 
or stock manipulation/movement to maximise overall pro¬ 
duction per unit of time or space (D’Abramo et al. 2000). 


7.11 Harvesting 

The harvesting of prawn larvae is covered in Chapter 5. Ju¬ 
veniles are harvested from indoor nurseries in tropical areas 
whenever grow-out ponds are available. However, in sub¬ 
tropical and temperate regions, prawns are usually main¬ 
tained at optimum temperatures in indoor nurseries until 
the grow-out ponds reach temperatures of more than 20°C. 

Nets or dip nets (3 mm mesh) are used to transfer ju¬ 
veniles from indoor tanks to outdoor nursery ponds or to 
grow-out ponds (Borba et al. 1993). Estimates of the num¬ 
bers of juveniles present are based on counting and weighing 
several sub-samples. More counts are necessary for batches 
where the size distribution is broad. Average weights need 
to be determined during the beginning, middle and end of 
each tank harvest, as smaller animals are typically captured 
first (Coyle et al. 2006). Manually harvested individuals are 
then transferred to outdoor nurseries or grow-out ponds. 
However, to reduce stress, animals can be transferred by 
gravity-induced flow into plastic tubes or through small 
channels connecting tanks. 

In outdoor nursery ponds, juveniles from 0.2 to 2.0 g are 
harvested by seining ponds 2 or 3 times with a 5 to 6 mm 
mesh seine, or by draining ponds completely (Alston 1989; 
Zimmermann & Sampaio 1998). If ponds are drain har¬ 
vested, they should contain a sufficiently large catch basin 
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or box at the end of the drain or outlet (Alston 1989). After 
juveniles are transferred to grow-out ponds, the bottoms 
of nursery ponds should be disinfected by applying 1 kg of 
lime/1 m 2 to kill pathogens. 


7.12 Size grading 

Cohen et al. (1981) first described a heterogeneous indi¬ 
vidual growth (HIG; see also Chapter 16) effect among 
juveniles after 50 days of nursery culture, which increases 
over time in indoor nurseries. These authors noted less 
growth with less HIG in high-density nurseries (1000 and 
5000 PL/m 3 ). This effect probably begins in the hatchery, 
since male larvae metamorphose into PL before females, 
shifting population growth curves to the right (Karplus 
et al. 1990). HIG of juveniles is accentuated by morpho- 
typic changes that occur during the extended culture time 
associated with multiple phase nursery operations employ¬ 
ing outdoor nursery ponds. During a typical nursery period 
of approximately 60 days, juveniles attain average weights 
of 0.1 to 1.0 g with innate high variability due to HIG. 

Coyle & Tidwell (unpublished data) cultured PL under 
commercial conditions for 45, 60 and 90 days at two densi¬ 
ties, 215 or 430 PL/m 2 , to determine if size variability may 
be influenced by the length of the nursery period and the 
culture density. At harvest, 3 samples of more than 100 indi¬ 
viduals were randomly taken at the beginning, middle and 
end of the harvest to simulate commercial conditions for 
determining average weights for each tank. Results indicate 
that size variability increases as the length of the culture 
period increases and as the culture density increases; coeffi¬ 
cients ofvariation ranged from 112 to 320%. In commercial 
production, pond allocations of juveniles are determined 
gravimetrically using average weights. These authors sug¬ 
gested that large ranges in individual sizes may cause diffi¬ 
culty in obtaining accurate average weights, which in turn 
may result in errors in pond allocations. 

Based on these data, a series of trials were conducted 
to quantify the potential error in pond allocation for both 
un-graded and graded (Plate 7b, facing page 254) popu¬ 
lations of nursed juveniles. Coyle et al. (2005c) reported a 
trial in which average weights were determined for juveniles 
of different ages that were then stocked into holding tanks 
as they would be allocated for pond stocking; subsequently 
these groups were individually counted. Actual numbers 
were 15, 19 and 26% below the predicted numbers for 30, 
45 and 60 day nursed juveniles, respectively. Grading sig¬ 
nificantly improved these predicted values to 7, 9 and 10% 
below actual values for 30, 45 and 60 day nursed juveniles; 
however, it did not entirely eliminate the problem. This 
indicates that there is a systematic problem with the cur¬ 
rent methodologies that are used to make pond allocations 


due to the large variation in individual weights inherent in 
this species; size grading significantly reduces this problem. 
These discrepancies could account to a large extent for the 
apparently poor survival (50-60%) reported for commer¬ 
cial production ponds; in reality the ponds may have been 
stocked with fewer animals than intended, based on these 
erroneous average weight estimates. It is recommended that 
nursed juveniles are size graded prior to making pond al¬ 
locations and that an additional 10% by weight is added to 
compensate for the potential error associated. 

In addition to the improvement associated with provid¬ 
ing accurate counts, size grading of nursed juveniles prior 
to pond stocking (to reduce the effects of HIG) has been 
found to increase both mean harvest size and total pond 
production in temperate climates, thereby enhancing eco¬ 
nomical viability. Size grading is essentially a husbandry 
technique designed to separate the largest, fastest-growing 
prawns from others in the nursery population, as faster 
growing individuals are able to retard the growth of other 
individuals in the population (Karplus etal. 1986). Removal 
or separation of these fast-growing individuals improves the 
prospects that other individuals will achieve their growth 
potential. The smaller individuals in the prawn population, 
generally males, respond by increasing growth rates to com¬ 
pensate for their small size. Essentially, size grading succeeds 
in disrupting the continuation of the socially induced, dif¬ 
ferential growth rates that result in a wide variation in size 
within the population over time. 

Size grading can be accomplished by using finfish bar 
graders (Fig. 7.6) or specially designed rectangular tanks 



Fig. 7.6 Conventional ‘fish grader’ used for size grad¬ 
ing nursed juveniles. (Reproduced with permission of 
Charles Weibel.) 
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Fig. 7.7 Grading tank designed to passively grade juve¬ 
nile prawns as they swim through increasing smaller bar 
sizes to escape a concentration gradient. (Reproduced 
with permission of Charles Weibel.) 


with fixed grader panels (Fig. 7.7) that allow juveniles to 
passively grade themselves as they swim through a series of 
grader panels decreasing in grader bar width. The desired 
separation is achieved through knowledge of the size dis¬ 
tribution of the population, combined with selection of the 
appropriate bar width. Ra’anan & Cohen (1983) suggested 
grading juveniles into two or three groups. This increases 
productivity by decreasing competition in grow-out ponds 
through reduction in HIG. Daniels & D’Abramo (1994) 
separated 50 day juveniles into 5 groups, obtaining a total 
biomass 43% greater than in non-separated populations. 
The final value of the harvested prawns was 73% higher. 
Malecha (1988) suggested that the fraction containing the 
smallest prawns should be discarded. However, most pro¬ 
ducers use a 50%:50% (upper-lower) or 40%:60% (upper- 
lower) size grade and use both populations for stocking. A 
higher percentage of the upper class reduces the overall ef¬ 
fect of size grading on production characteristics in ponds. 
Some commercial nurseries in the USA grade into 4 differ¬ 
ent sizes to reduce size variation and increase accuracy in 
pond allocation. 

As the duration of the nursery phase increases, size vari¬ 
ation increases due to differential growth rates that may 
contribute to poor survival due to cannibalism by larger 
individuals. Therefore, size grading juveniles at some time 
during the nursery period might decrease size variation and 
increase survival. Tidwell et al. (2005) described an experi¬ 
ment in which juveniles were size graded at the midpoint of 
the culture period (30 days) to evaluate the effect of sepa¬ 
rating the 2 size classes for the remaining 30 days on growth 
and survival during a 60 day nursery period. After 30 days, 8 


tanks were harvested, pooled, size graded using a #8 grader 
bar (6.35 mm or 8/32 inches) into 2 size classes, and sub¬ 
sequently restocked at the same density (500 PL/m 2 ) but 
into 3 tanks per treatment (either high or low grade). Af¬ 
ter 60 days, average weight of the high grade prawns and 
ungraded prawns was significantly higher than that of the 
low-grade fraction. High-grade and ungraded treatments 
were not significantly different. Survival of prawns for the 
low grade fraction (89%) was significantly higher than that 
for prawns from either ungraded (81%) or the high-grade 
fraction (76%). These data suggest that larger individuals 
within nursery populations negatively impact survival. To 
maximise survival in the nursery phase, it may be benefi¬ 
cial to remove the larger fraction to other tanks or to stock 
the larger fraction first into grow-out ponds to maximise 
survival in the nursery. In addition, these authors found 
that survival at 30 days (92%) was significantly higher than 
at 60 days (82%), indicating that nursery duration does 
have a significant effect on survival at a stocking density of 
500 PL/m 2 . 

Further information on the value and effect of size grad¬ 
ing is contained in Chapters 10 and 16. 


7.13 Transporting juveniles to 
grow-out ponds 

According to Zimmermann & Sampaio (1998), indoor and 
outdoor nurseries should be constructed near grow-out 
ponds to reduce mortality from excess handling and trans¬ 
portation. After transporting and stocking juveniles, tanks 
should be dried, disinfected with chlorine or lime and left 
to dry for at least 48 hours to minimise problems with 
pathogens. Regional nurseries, which provide seedstock to 
nearby pond producers, have developed in the fragmented 
and widespread industry in the USA to reduce stress, mor¬ 
tality and increased transport costs associated with long 
distance transport. 

Of the published studies related to transport of juve¬ 
niles, most have used sealed, oxygenated polyethylene bags 
(Smith 8tWannamaker 1983; Alias 8tSiraj 1988; Coyle etal. 
2001). The efficacy of such procedures is constrained by 
the inevitable reduction of DOt levels and increases in dis¬ 
solved ammonia concentrations in the shipping water, due 
to the metabolism of the animals (Schmitt & Uglow 1996). 
Smith & Wannamaker (1983) successfully shipped 6g ju¬ 
veniles in plastic bags at 18g/L for 24 hours and reported 
that survival in transport was more closely related to DO 2 
concentrations than any other water quality variable. An¬ 
other study found that densities of approximately 15g/L 
resulted in survivals of more than 90% after 6 and up to 
12 hours (Alias & Siraj 1988). Coyle et al. (2001) reported 
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acceptable transport densities for juvenile prawns of 10 to 
20 g/L when transported in sealed oxygenated plastic bags, 
which resulted in survival percentages of more than 90% 
after 24 hours. 

Transport of juveniles in plastic bags is not economi¬ 
cally feasible for transport of large quantities of juveniles. 
Therefore transport of juveniles in trucks equipped with 
larger (300-1000 L) transport tanks supplied with a con¬ 
tinual supply of oxygen is more commonly practised. Coyle 
et al. (2005b) evaluated the effect of biomass density, sub¬ 
strate and salinity on water quality and transport survival 
of juvenile freshwater prawns in open vented containers 
continuously supplied with pure oxygen to simulated truck 
transport conditions. These authors suggested that allow¬ 
able transport densities in vented containers are similar 
(20 g/L; 96% survival) to sealed bags (10-20 g/L) and noted 
that in vented containers supplied with a continual source 
of oxygen, un-ionized ammonia will probably become the 
first limiting factor. In this trial, water temperatures in¬ 
creased from 20°C at the beginning to 24°C after 24 hours. 
Better maintenance of transport temperature could have 
increased allowable transport densities. 

The benefit of providing substrates in transport contain¬ 
ers is questionable. Smith & Wannamaker (1983) reported 
that increased substrate did not benefit survival when 6 g 
juveniles were shipped in aerated plastic bags at 18 g/L for 
24 hours. Coyle et al. (2005b) reported that the presence 
or absence of substrate had no significant effect on any 
measured water quality variable or prawn survival after 
24 hours of simulated transport. However, Alias & Siraj 
(1988) reported increased survival of PL by providing 
polypropylene netting as habitat during transport. Vadhyar 
et al. (1992) evaluated different substrate materials (plas¬ 
tic straws, plastic ribbon and plastic netting) at different 
densities (100, 200, 250, 300, 400 and 800PL/L) in model 
transport containers to determine the effect on the safe du¬ 
ration (time). Only plastic straws at the lowest densities 
(100 and 200 PL/L) resulted in a significant increase in safe 
transport duration compared to the controls. Additional 
research is required to evaluate the effect of different types 
of substrate on transport survival of juvenile prawns. 

The addition of salt in the transport water of aquatic 
animals is a common practice to provide a more isotonic 
environment, which reduces the metabolic demand for os¬ 
moregulation and generally reduces oxygen consumption 
and nitrogenous waste production and stress. However, in¬ 
creasing salinity lowers the solubility of oxygen in water 
(Boyd 1979). New & Singholka (1985) reported that some 
hatcheries added seawater to transport water, claiming that 
survival rates are better in brackishwater than in freshwa¬ 
ter. However, Smith 8t Wannamaker (1983) reported that 
increased salinity did not benefit survival of juveniles trans¬ 
ported in sealed polyethylene bags. On the other hand. 


Coyle etal. (2005b) reported that a salinity of 6 p.p.t. during 
the transport of juveniles decreased un-ionized ammonia 
concentrations and therefore should be considered benefi¬ 
cial. The isosmotic point for M. rosenbergii is reported to be 
17 p.p.t. (Sandifer et al. 1975), which could potentially fur¬ 
ther reduce ammonia efflux rates and oxygen consumption 
(Singh 1980). 

Increases in transport temperatures significantly in¬ 
creases oxygen consumption and nitrogenous excretion 
(Chen 8c Kou 1996); therefore reducing acceptable biomass 
densities or transport times. Harrison 8c Lutz (1980) re¬ 
ported that survival of juvenile prawns increased when 
transported at reduced water temperature (20°C). A direct 
relationship between temperature increase and nitrogen ef¬ 
flux rates was reported for freshwater prawns by Schmitt 8c 
Uglow (1996). Temperature changes during the shipment 
of freshwater prawns should be avoided or made gradu¬ 
ally, thus indicating the importance of insulated transport 
containers. Transport temperatures of less than 20°C (but 
not <16°C) may allow higher biomass densities and re¬ 
duce the accumulation of nitrogenous by-products. This 
assumption has not been tested experimentally but com¬ 
mercial live haulers of juveniles routinely transport at water 
temperatures of 17 to 19°C, using well insulated transport 
containers and through the addition of ice. This practice 
implies that juveniles have been previously acclimatised to 
near 20° C to minimise the stress associated with dramatic 
temperature change. 

The condition and moult stage of juveniles prior to trans¬ 
port is important because juveniles have a tendency to ‘stress 
moult’ shortly after handling and/or water exchange. Com¬ 
mercial nurseries in the USA routinely perform more than 
50% water exchange 3 to 4 days prior to harvest of nurs¬ 
ery tanks to acclimate juveniles to cooler water tempera¬ 
tures of 20 to 22°C and to stimulate a moult in individuals 
in the pre-moult stages. This practice is thought to result 
in fewer moults during harvest and transport and to in¬ 
crease transport survival, although this has not been tested 
experimentally. 

Information on the transport of larvae is contained in 
Chapters 5 and 9, while the transfer of broodstock is covered 
in Chapter 4. 
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Pond Construction 

James F. Muir and Julio V. Lombardi 


In this chapter, we describe a range of practical site selec¬ 
tion, design and construction issues which affect both the 
small artisanal pond systems that characterise a large part of 
the present-day Macrobrachium sector, and large commer¬ 
cial farms. Whatever the format, the planning, design and 
development of ponds for grow-out is clearly an important 
aspect of any Macrobrachium project, in terms of the costs 
of development, the ease and effectiveness of management, 
productivity, economic performance, longer-term environ¬ 
mental security, and overall sustainability. The aim of this 
chapter is to provide the necessary background to enable an 
intending producer to identify and develop a site and sys¬ 
tem effectively, and thereby to improve opportunities for 
profitable production. Though stock, feed and labour costs 
are usually the most critical elements in overall produc¬ 
tion costs, secure and stable systems, capable of providing 
the appropriate rearing environments and permitting effec¬ 
tive husbandry of the stocks, are fundamentally important 
in ensuring that these inputs are used to best effect. This 
chapter should be read in conjunction with the other chap¬ 
ters in this book, which define the optimum operational 
grow-out parameters, particularly Chapters 9 and 13. 

The grow-out of freshwater prawns is generally carried 
out in earthen ponds. These structures are usually cheap and 
simple to construct and operate, and with suitable manage¬ 
ment and simple inputs allow for the development of nat¬ 
ural foods such as plankton and benthos, while providing 
relatively stable water conditions throughout the produc¬ 
tion cycle. Such features favour the growth and survival of 
the on-growing stock, and will normally allow producers 
to minimise the costs of production. Ponds for freshwater 
prawn culture are broadly similar to those used for fish 
culture, and can either be built by means of an embank¬ 
ment across a watercourse or by excavating and building 
up a structure into which water can be conducted by var¬ 
ious means. In some special cases, for example the ghers 
of southwest Bangladesh, ponds are formed in rice paddy 
or other low-lying land, and typically contain an elevated 


central platform on which rice is grown, either simultane¬ 
ously or consecutively, and high exterior bunds to protect 
the pond from flooding. 

Embankment or interception ponds are made by con¬ 
structing a dam across a watercourse, thus using the nat¬ 
ural topography of the valley. The objective is normally to 
create a substantial volume of water with a relatively small 
and simple embankment, without making the pond too 
deep and the embankment correspondingly more massive 
to withstand the water pressure. In some cases, a series of 
such ponds can be laid out down a valley floor (Huet 1986). 
Though this pond type can be relatively inexpensive for the 
volume of water held, it has critical disadvantages. As water 
is drawn directly from the river, pond management and the 
maintenance of fertility is poor due to the lack of control 
over incoming water flow. The irregularity of the pond bot¬ 
tom makes seine harvesting very difficult and the dams can 
be susceptible to overtopping or damage in floods. If ponds 
are laid out in series, it is almost impossible to drain, fill or 
otherwise manage one pond without affecting the others 
in the series. For such reasons, this pond type is normally 
used only for extensive M. rosenbergii culture. 

The other major pond types, diversion or derivation 
ponds, are normally built along a watercourse or other 
water supply, and (subject to the local topography) are laid 
out to provide a regular structure. The water is provided 
independently to each pond or group of ponds, and the 
water source can be fully or partially used. The bottom 
regularity makes seine harvesting easier. Though these ar¬ 
rangements may be more expensive per pond volume cre¬ 
ated, the advantages to management and productivity in 
most cases easily outweigh this. These ponds are therefore 
widely used for semi-intensive M. rosenbergii culture, the 
most appropriate approach for commercial farms (New & 
Singholka 1985; Lombardi 1996; Correia & Cavalcanti 1998; 
Valenti 1998; New 2002). A further variation on this system 
occurs when ponds are used as raceways, with a high wa¬ 
ter exchange, high feeding rates and intensive production. 
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However, though technically viable, these systems tend 
to have uncompetitively high production costs, and are 
therefore not widely developed. For this reason, this chap¬ 
ter focuses specifically on the design and development of 
semi-intensive diversion ponds. Further details of the con¬ 
struction of these and other types of ponds and raceways 
can be found in Bard et al. (1974), Wheaton (1977), Huet 
(1986) and a series of FAO manuals providing technical 
information for building ponds for freshwater fish farming 
(FAO 1981, 1992, 1994, 1995, 1996) that are also available 
via the FAO website (www.fao.org) These resources can 
be very useful for planning freshwater prawn farming, as 
the main structures and processes used for both activities 
are similar. 


8.1 Site selection 

Semi-intensive ponds are closely dependent on local site 
features and on the disposition of land, water and other 
productive elements, therefore good site selection is a fun¬ 
damental requirement for successful freshwater prawn pro¬ 
duction. Local features determine the technological level to 
be employed, the potential production, and the construc¬ 
tion and operation costs. The criteria for site selection for 
M. rosenbergii production have been presented by New & 
Singholka (1985), Valenti (1985), Cavalcanti et al. (1986), 
Correia & Cavalcanti (1998) and New (2002). Wickins & 
Lee (2002) described in detail the main features to be anal¬ 
ysed when setting up crustacean farms. Perhaps unsurpris¬ 
ingly, there is general agreement regarding the aspects to 
be considered, such as market access, local social and eco¬ 
nomic conditions, infrastructure, topography, climatic con¬ 
ditions, water and soils. However, while it may be relatively 
straightforward to describe the ideal or preferred site con¬ 
ditions, it is unusual for sites to provide optimal require¬ 
ments in all factors. The practical question then becomes 
a matter of balancing good and less favourable features to 
determine whether the overall mix of conditions is suit¬ 
able. In such practical conditions. Geographical Informa¬ 
tion Systems (GIS), which have useful application for select¬ 
ing sites for marine shrimp farming (Giap & Yakupitiyage, 
2005), may also be considered for freshwater prawn 
farming. 

8.1.1 Strategic issues 

It may broadly be assumed that potential developers of a 
Macrobrachium project will have established their overall 
objectives and will have a concept of their intended output, 
production plans, approach to management and intended 
markets. It is outside the scope of this chapter to review 
the process of identifying and developing the commercial 


decisions. However, in practice, several situations might 
commonly be encountered: 

• A project concept is broadly in place, and a suitable site 
has to be located, without pre-definition, to match its 
objectives. 

• It is the aim to develop profitable aquaculture in a cer¬ 
tain area or region, Macrobrachium culture is a potential 
activity, and one or more local sites need to be found; or 

• A site is available for use, either unused or to be con¬ 
verted from other forms of activity (possibly includ¬ 
ing other kinds of aquaculture) for the purposes of the 
project, and requires to be developed as effectively as 
possible. 

The strategic issues of site selection concern all the back¬ 
ground, non-biotechnical factors which will have a bear¬ 
ing on the suitability of the site. Wickins & Lee (2002) 
described these as including markets, roads, labour and 
legislation. While all of these may be important, their rel¬ 
ative impact will depend on the development situation as 
outlined above, and on the specific project objectives. Un¬ 
derlying all of these factors will be the basic political, social 
and economic conditions, i.e. the commercial environment 
in which the project is to be located. As with other forms of 
aquaculture, there is a basic requirement for physical and 
financial safety and security, and for a suitable degree of 
institutional support. For projects with local social or eco¬ 
nomic development objectives, local political, institutional 
and community conditions have to be capable of engaging 
effectively with aquaculture, and prepared to commit to the 
project. 

According to New & Singholka (1985), a market assess¬ 
ment is a primary requirement. This would establish the 
farm capacity and technology to be applied. In practical 
terms, assessment would include location and capacity of 
markets, and consumer preferences for size and product 
form. If the objective is to meet international or larger ur¬ 
ban markets, product requirements are usually clearly de¬ 
fined, and quality and consistency of supply are key issues. 
Good quality, cost-effective processing and transport links 
are therefore critical. For local and smaller urban markets, 
using local market chains, options for product form and 
distribution may be more flexible, but local transport and 
market capacity may be significant. It is important to base 
market assessments on the intended product (an evalua¬ 
tion based on marine shrimp is unlikely to be valid), and 
to consider potential competitors supplying the same prod¬ 
ucts, or possible substitutes. Market and commercialisation 
strategy is discussed further in Chapter 19. 

Whether for small farms or large commercial projects, 
the availability and skill level of local people need to be 
considered. At the artisanal level, farmers and their families 
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need to have sufficient time available to be involved in 
constructing and maintaining the ponds and to manage 
production, and may need to have access to advice and ex¬ 
tension support. For commercial projects, a suitably skilled 
labour resource would be required. The number and skill 
level of employees is related to farm size and technologi¬ 
cal level. For larger farms (>5 ha water surface area), staff 
would typically include a technical manager, plus field tech¬ 
nicians and unskilled labour. Regardless of farm size, there 
would usually be at least one technically skilled person, re¬ 
sponsible for planning, co-ordinating inputs and outputs, 
making strategic decisions, and guiding the workforce, who 
would be responsible for daily field tasks, such as feeding, 
collecting water and stock data, and general maintenance. 
Correia & Cavalcanti (1998) suggested that the ratio of the 
number of labourers to water surface area (in hectares) is 1:1 
and 1:2 for large and small farms, respectively; small farms 
normally hire short-term help during harvest and other 
peak work periods. New & Singholka (1985) cited a 40 ha 
M. rosenbergii farm run by only 2 senior staff and 6 labour¬ 
ers. Valenti (1985) suggested that though skill levels need 
to be high for most routine aspects of freshwater prawn 
farming, it is essential that farms should have specialised 
technical orientation. The nearby availability of research or 
training institutions also makes it easier to seek technical 
advice. 

The political and legal framework within the area con¬ 
cerned is important, and relates to both support and con¬ 
trol issues. Clearly defined and legally protectable resource 
rights are essential for any longer-term aquaculture project, 
whether for small farmers or for corporate producers. The 
legal establishment of financial systems and company struc¬ 
tures makes it possible to finance projects and manage fi¬ 
nancial matters reliably. Access to credit for small farmers, 
and general development support provisions, whether in 
the form of grants, loans, credit guarantees or partnership 
or joint-venture support, can also be important. In some 
cases, taxation incentives may be available whether in set¬ 
ting up a farm or in supporting product development and 
export promotion. In many countries there is legislation 
to regulate land use, water abstraction and discharge, as 
well as the clearing of vegetation, coastal or floodplain con¬ 
siderations, and the disruption or destruction of sensitive 
habitats. Environmental and conservation legislation varies 
from country to country, and within individual countries. 
In an increasing number of cases, environmental impact 
assessments (EIAs) may be required before development 
can proceed. Finally, particularly for larger projects, open 
access to international markets is essential, and support to 
ensure that products meet international quality and en¬ 
vironmental standards is increasingly important. General 
aquaculture policy and legislative issues are not discussed 
in this book but an example of the approach to these issues, 


albeit in a country where Macrobrachium culture is unlikely, 
has been provided by New (1999). 

A range of physical infrastructure factors needs to be 
considered. The site should have easy access for its major 
supplies, its workforce and its markets. Nearby postlarvae 
(PL) suppliers, food and other necessities are advantageous. 
Freshwater prawns are perishable, and transport to the con¬ 
sumer should be rapid and reliable, so main and secondary 
roads should allow good access conditions in all weather 
conditions. Convenient access to shipping and air services 
is important for export markets. 

A main power supply is desirable, and may be preferred 
for intensive systems which depend on aeration (Correia & 
Cavalcanti 1998; New 2002). Simple production systems 
can be operated without electrical power, and generators 
may be used when power is required for intermittent use. 
The practical options are discussed later. It is also advanta¬ 
geous if main water and waste disposal facilities are avail¬ 
able, but they may not be essential as alternatives may be 
found. Communications with key suppliers and markets 
are also important; landline or mobile telephone, fax and 
internet access are the simplest options. Radio or satellite 
communication networks can be installed when there is no 
local phone system, or if its quality or capacity is limited. 


8.1.2 Topography 

The main objectives concerning the physical aspects of site 
selection are to identify a suitable configuration of land and 
water resources, in which ponds can be easily and inexpen¬ 
sively constructed and water supplied and carried away in 
an effective manner. For pond construction and site devel¬ 
opment, a key issue is to minimise the quantities of earth 
to be moved. Flat or slightly sloped lands are generally the 
most appropriate for pond construction, and slopes close 
to 2% (2 in 100 m) usually offer good savings and low 
earth removal (Wolf 1994). Steeper slopes (>5%) should 
normally be avoided, as earth moving expenditure may be 
excessive. In most cases suitable gradients correspond to 
the middle and lower reaches of river plains, though lo¬ 
cal geological conditions may determine other possibilities. 
Sites subject to flooding, land-slips or erosion should be 
avoided. However, the Bangladesh gher ponds, and many 
of the Macrobrachium ponds of Thailand, are built by exca¬ 
vating into flat, usually seasonally flooded land, relying on 
their high bunds to protect against normal flood levels. 

Ideally, water should be drawn from above pond level, 
and discharged below the ponds, allowing water distribu¬ 
tion by gravity, thus saving expense. When the water sup¬ 
ply is below the pond level, dams may be used to elevate 
the water level if the topography allows (Valenti 1985), 
though care has to be taken that these continue to function 
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during low water flow periods. Alternatively, pumps may 
be used, either to move water into the system, or to drain 
the ponds. In many cases, a single water source may be 
available, though sites may also be developed with multiple 
sources. More simply, gher ponds are generally rain-fed, 
though water is also transferred in more advanced systems 
using simple field pumps, as the lack of water exchange 
limits stock loading and productivity. 

8.1.3 Climatic factors 

The interaction between site and climate is a primary fac¬ 
tor in determining the suitability for pond production of 
M. rosenbergii. Key issues include temperature, rainfall, sun¬ 
light and wind exposure, together with dependent factors 
such as evaporation. 

Though modified slightly by pond characteristics and 
methods of management, temperature is the key determi¬ 
nant of the number of yearly harvests and the most appro¬ 
priate period for culture. According to Valenti (1996), a site 
can be used for M. rosenbergii culture wherever the monthly 
average is higher than 20° C for a period of at least 7 months, 
though periods as short as 4 months are utilised in temper¬ 
ate regions. Temperatures are optimum when the average 
varies between 25 and 30°C year-round. The importance of 
temperature for the optimum grow-out of M. rosenbergii is 
discussed fully in Chapters 9 and 13, while grow-out under 
temperate conditions is discussed in Chapter 10. Sites with 
large diurnal and seasonal temperature fluctuations should 
be avoided, in order to reduce stress and maintain optimal 
production conditions. Inland areas are generally subject to 
larger temperature variation than coastal sites (Wickins & 
Lee (2002), but other local factors may also be involved. 

The water temperature in the pond system is primarily 
controlled by the effect of air and ground temperature on 
incoming water supplies and pond water, by solar warm¬ 
ing, and by the cooling effects of wind and evaporation. If 
water is exchanged rapidly, pond water temperature will be 
controlled by that of the incoming water; otherwise pond 
heating and cooling effects will dominate, and will be af¬ 
fected by factors such as pond depth and wind exposure. 
The temperature of water supplies will depend on their ori¬ 
gin. Surface waters exposed to conditions similar to those of 
the site are likely to have similar temperature ranges, while 
those affected by factors such as seasonal snowmelt may 
be notably different. Groundwaters may be more affected 
by ground temperatures, whose average will be similar to 
that of the air temperature, but whose range will be less. 
Generally, the deeper the groundwater source, the closer its 
water temperature will be to the annual average air tem¬ 
perature. These factors apart, when no data are available 
regarding water temperature for a site, this can be partially 
estimated from monthly average air temperatures (Valenti 


1996). These values can often be obtained at local mete¬ 
orological stations for multi-annual periods, from which 
the corresponding monthly average and ranges can be 
calculated. 

Rainfall, evaporation, air relative humidity, and wind 
speed and direction should also be considered. Ideally, evap¬ 
oration losses should be equal to or slightly lower than 
rainfall input, to maintain an approximate water balance. 
However, in some locations this balance changes season¬ 
ally, with cooler high rainfall periods in which water can 
be stored in deeper ponds, and hotter high evaporation pe¬ 
riods in which water supplies diminish. By adjusting pro¬ 
duction plans, it is still possible to produce one or more 
crops. Mild winds favour gas transfer between water and 
the atmosphere, helping to oxygenate the water. However, 
strong winds can increase water losses by evaporation and 
may also generate wave action, provoking bund erosion. 
Malecha (1983) also recommended that constantly cloudy 
areas should be avoided, as this can make it hard to main¬ 
tain a steady water temperature because it interferes with 
solar penetration. Periods of cloud cover of several days’ 
duration may also be problematic in causing algal blooms 
to crash, thereby upsetting the oxygen balance in ponds. 
Highly unstable meteorological regions should be avoided. 
Strong storms and winds increase the risks of flood and 
erosion damage, and may lead to problems with transport 
access and power supply. 

8.1.4 Water supplies 

Prawns (M. rosenbergii) are normally reared in ponds sup¬ 
plied with freshwater, although the use of slightly saline 
water is not precluded (Chapter 13). Supplies of freshwa¬ 
ter can be obtained from surface water, as represented by 
rivers, lakes, reservoirs and irrigation channels, or from 
sub-surface (ground) water. Surface water is the most com¬ 
monly used. According to Wheaton (1977), groundwaters 
usually have alkalinity and hardness levels that are accept¬ 
able for culturing aquatic organisms, and are free of pol¬ 
lution, predators and competitors. However, they are likely 
to have low dissolved oxygen (DCL) levels and high levels 
of dissolved carbon dioxide and in some cases may con¬ 
tain toxic gases such as hydrogen sulphide and methane. 
Such waters would normally have to be well aerated be¬ 
fore use. Though DO; levels are generally higher in surface 
water, they may contain predators and competitor species, 
suspended particulate material (silt), and pollutants from 
agriculture, industry or urban sources. 

In coastal and estuarine areas, brackishwater may be 
more easily available for M. rosenbergii grow-out, abstracted 
either from surface or sub-surface sources. In many coastal 
locations, the salinities of local water supplies may vary 
tidally and seasonally, in association with major rainfall 
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and dry periods. As saline water is denser than freshwater, 
and unless actively mixed is physically separated at the halo- 
cline, it lies below the freshwater level, and extends upwards 
into the lower water column of estuaries, or inwards below 
the freshwater table in sub-surface zones. Here, excessive 
drawdown from the water table may encourage the ingress 
of saline coastal waters; during wet seasons, when freshwa¬ 
ter levels are higher, this process may be reversed. As with 
freshwater, brackishwater quality depends on the source 
of supply; estuary waters are typically highly mixed, with 
high silt loads, organic matter and biological activity. In 
developed areas, urban and industrial wastes maybe signif¬ 
icant sources of contamination. Groundwaters, by contrast, 
may be relatively clean and free of biological or other risk 
factors. 

Surface water can be abstracted through a suitable system 
and directed by gravity (Fig. 8.1) or pumped to the pond 
supply point. If water quality is good and it can be supplied 



Fig. 8.1 Open channel gravity water supply to a Macro- 
brachium farm in Brazil. (Reproduced with permission of 
Julio Vicente Lombardi.) 


by gravity, this is usually the cheapest and simplest water 
supply arrangement. Natural (resurgent or artesian) springs 
can provide excellent water quality, but usually have limited 
flow rates, and several might be needed to meet the water 
requirements of a commercial farm. Shallower groundwa¬ 
ter can be exploited by means of open cistern-type wells and 
low head pumps, and can be relatively cheap to develop and 
operate. In suitably porous strata, flow yields can be good, 
but in many other cases these may be restricted. Deep un¬ 
derground water can be exploited by means of wells, with 
water quality generally suitable for commercial projects. 
However, costs may be relatively high. Pumping systems 
may be economically feasible, but maintenance and op¬ 
eration costs need to be considered carefully in the project 
feasibility study (Correia & Cavalcanti 1998). If water tables 
drop and energy costs rise, such systems can very quickly 
become unviable. 

As noted earlier, surface water temperatures are generally 
closer to air temperatures, while groundwaters tend to have 
more stable temperatures, equivalent to mean averages. In 
some cases it may be feasible to mix sources to obtain desired 
temperatures, or to use different water supplies at different 
stages or production periods. 

Water supply is the key limiting factor in calculating the 
potential for pond water exchange, and reflects directly on 
prawn productivity (New 8t Singholka 1985; New 2002). 
For semi-intensive M. rosenbergii culture, a moderate but 
continuous degree of water replenishment flow system is 
recommended if possible, in order to: 

• maintain the pond water level to compensate for evapo¬ 
ration and seepage losses; 

• replace organic and inorganic nutrients, essential to sup¬ 
port the trophic web of the pond; 

• eliminate toxic soluble materials (such as ammonia and 
nitrite nitrogen) resulting from the metabolic activity 
of stock and other organisms, and gases (sulphides, 
methane, etc.) arising from the anaerobic decomposition 
of organic matter; 

• prevent the depletion of DO 2 levels; and 

• flush out excessive solids. 

In practice, as not all sites or operating conditions allow 
a more continuous exchange, partial and periodic water 
replacement is often used to flush ponds to eliminate or 
reduce algal blooms, avoid DO 2 depletion or counteract 
excessive increases in toxic substances or other stress fac¬ 
tors. Estimates of water requirements should also include 
those needed to fill ponds at the beginning of each cycle, 
together with consumption for use in any supporting fa¬ 
cilities such as the laboratory, processing areas, employees’ 
housing, etc. According to Valenti (1985), water require¬ 
ments for freshwater prawn ponds vary according to local 
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Table 8.1 Water requirements for rearing M. rosenbergii in freshwater ponds. (Reproduced from New & Singholka 
1985, copyright 1985 with permission of FAO.) 


Total farm water 
surface area 2 (ha) 

Maximum pond 
filling b (m 3 /min) 

Maintenance flow c 

(m 3 /min) 

Average consumption 11 
(m 3 /min) 

Minimum 

Maximum 

0.2 

2.50 

0.03 

0.11 

0.12 

0.5 

2.50 

0.07 

0.28 

0.31 

1.0 

2.50 

0.14 

0.56 

0.68 

2.0 

2.50 

0.28 

1.12 

1.26 

3.0 

3.75 

0.42 

1.68 

1.89 

5.0 

6.25 

0.70 

2.80 

3.14 

10.0 

12.50 

1.40 

5.60 

6.28 

20.0 

25.00 

2.80 

11.20 

12.57 

40.0 

50.00 

5.60 

22.40 

25.14 


a Average water depth 0.9 m. 

b For filling ponds initially and subsequently and for rapid flushing in emergency. Assumes (1) that the unit pond size is 0.2 ha and 
that a pond can be filled within 12 hours, and (2) that it will never be necessary to fill more than one pond (or 10% of the farm 
surface area, whichever is the greater) at one time. Local experience will tell if this is either insufficient or excessive. 
c Continuous water demand, based on 140L/ha/min minimum and 560L/ha/min maximum. Actual requirement depends on 
whether ‘continuous’ culture is practised or not. The minimum value should cope with average seepage and evaporation losses. 
d This consists of the maximum maintenance rate, assuming ‘continuous’ culture for the whole farm, plus the quantity necessary 
to fill all ponds four times per year, averaged out to a volume per minute consumption basis. 


conditions, the principal factors being the incidence and 
strength of solar input, relative humidity, rainfall, soil per¬ 
meability and the degree of pond compaction. Generally, 
an average 0.5 m 3 /min is sufficient to supply 1 ha of sur¬ 
face water area, the equivalent of 13.8 days average resi¬ 
dence time for a 1 m pond depth, or a water exchange of 
7.2%/day. New & Singholka (1985) suggested flow rates of 
0.14 to 0.28 m 3 /min/ha (2-4%/day) to replace evaporation 
and seepage losses, and 0.56 m 3 /min/ha (8%/day) to keep 
continuous flow in the ponds. Rodrigues et al. (1991) and 
Correia & Cavalcanti (1998) suggested flow rates of 0.12 to 
0.18 m 3 /min/ha and 0.13 to 0.26 m 3 /min/ha, respectively. 
According to Lombardi (1996), the ideal flow rate for semi- 
intensive M. rosenbergii grow-out should have the capacity 
to replace 10% of the pond volume daily. New (2002) states 
that farms must be designed with a water distribution sys¬ 
tem that will allow the filling of one pond (or 10% of the 
pond surface area, whichever is the greater) at any time 
without starving the other ponds of replacement and flow¬ 
through water. Table 8.1 shows water requirements related 
to the total area surface water occupied by the ponds. 

To estimate water availability at a specific site, a hydrolog¬ 
ical assessment should be carried out as far as is practicable. 
For smaller local catchments, an annual and seasonal water 
balance can be defined, taking into account the area from 
which water can be collected for the site, patterns of rain¬ 
fall, soils and vegetation over the area, the associated evap- 
otranspiration, and the extent to which water is distributed 
to surface and sub-surface levels. For larger systems, gen¬ 
eral data on hydrological conditions may be available, from 


which estimates of local features may be made. Other uses of 
water and the effects of abstraction and discharge will also 
need to be considered. For lakes and reservoirs, the classi¬ 
cal shape and productivity features, seasonal turnovers and 
other conditions of instability (e.g. wind effects), the size 
and position of inlets and outlets, and the balance of evapo¬ 
ration from the water surface should be taken into account. 
For rivers and streams, seasonal patterns affecting flow rate, 
water levels and water quality should be measured, partic¬ 
ularly noting extreme (i.e. flood and drought) conditions. 
Similar considerations apply to irrigation supplies, though 
the interaction of the irrigation management system with 
climatic and environmental conditions will also be an im¬ 
portant factor. In coastal areas, wind, barometric and tide 
conditions, and the interaction between fresh and tidal wa¬ 
ters through seasonal and tidal variation may all affect the 
availability and quality of water. For groundwaters, the char¬ 
acteristics of the aquifer (water conducting zone), its depth, 
permeability and potential yield, need to be determined. 

A range of techniques is available for water resource mea¬ 
surement, and can be found in standard sources on hydrol¬ 
ogy and agricultural water assessment (ILACO 1981). In 
many cases, local information may be available and can be 
adapted for pond culture use. Rodrigues et al. (1991) de¬ 
scribed simple techniques for estimating supply from river 
or stream flow speed, depth, width and length data. For 
more accurate assessment, flow meters or measurement 
weirs should be used. For groundwaters, local informa¬ 
tion may be available, test wells dug, or assessments done 
by specialist contractors. Water supply for freshwater fish 
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farming, whose techniques are very similar for freshwater 
prawn farming, is also discussed in detail in FAO (1981). 

8.1.5 Water quality 

Good water quality is essential for all successful aquaculture 
enterprises. The relation of water quality to the grow-out 
of M. rosenbergii is discussed in Chapter 13. It will be nec¬ 
essary to ensure that these quality requirements can be met 
and maintained at the site, without complex or expensive 
treatment or management techniques. The ability to change 
water easily when required is also very important. 


8.1.6 Soils 

Good knowledge of physical and chemical properties of 
available soils is fundamental in determining overall site 
suitability and the most appropriate methods of pond de¬ 
velopment. Soils develop from bedrock materials through 
a range of erosive and depositional geomorphic processes, 
and may be classified according to constituent particle sizes 
and their distribution, for which there are established stan¬ 
dards (FAO 1985; Boyd 1995). With the exception of larger 
particles such as pebbles, cobbles and boulders, which are 
excluded from analyses, particle sizes range from <2 pm 
(clays) through to 2 pm to 2 mm (fine to coarse silts) to 
2 mm to 2 cm (fine to coarse sands) according to the In¬ 
ternational System (Atterberg Classification). The shape of 
the particles, as defined by their angularity, and the primary 
soil origin (e.g. soft calcareous or hard metamorphic rocks) 
may also be important. Though a range of soil quality pa¬ 
rameters can be defined, four primary features need to be 
considered: 

• Physical strength determining the load-bearing capacity 
of the soil, the ease of carrying out construction work, 
and the potential for supporting buildings, roadways and 
other installations. In basic terms, a well-graded soil, with 
a range of particle sizes, tending to larger, more angular 
particles, provides greater strength. 

• Permeability, defining the ease by which water flows 
through the soil, and hence whether ponds or retention 
dams will hold water or be subject to seepage. Finer soils 
are generally less permeable and so a suitable clay and silt 
content is important. Note that for aquifers, the converse 
property is required, and larger particles, with higher 
permeability, are preferable. 

• Plasticity, determining how well soils will compact to 
their optimum strength and permeability conditions, and 
how this relates to the moisture content of the soil (see 
later). This is related to particle sizes and pore spaces 


between particles. The stability of the soil under varying 
moisture conditions is also affected by this property. 

• Physico-chemical interactions: determined by the surface 
properties of the soils, the pore sizes and the conditions 
under which the soil has formed. Finer particles are more 
reactive, with a higher potential for ionic binding. Larger 
particles may contain more organic matter and may pro¬ 
vide a more open structure for aerobic and anaerobic 
biological action. The bedrock origin will also determine 
factors such as pH, and metal content. 

If the site has diverse soil conditions, their relative dis¬ 
tribution also needs to be considered; this will determine 
choices of layout, pond location and the most effective 
means of development. The evaluation of soils will depend 
on the site type and conditions; in some cases background 
information may be available (e.g. from agricultural soils 
analysis or river basin management studies) and should be 
consulted for primary assessments. Geological and contour 
maps can also be used to determine whether soils in the 
area are vertically or horizontally homogeneous, formed 
through major riverine, glacial or aeolian (wind formed) 
processes, or are likely to be more diverse. From this in¬ 
formation the number, location and depth of the samples 
required can be considered. In basic terms, flat, lower-lying 
river floodplains in major depositional areas tend to be 
more homogeneous, and will normally require fewer sam¬ 
ples. Preliminary assessments of particle sizes, permeability 
and plasticity can be done using simple field techniques, us¬ 
ing trial pits or auger samples down to the depths at which 
it is anticipated soils will be moved (FAO 1985), and from 
this can be determined the number of samples required for 
detailed analysis. As an approximate guide, at least three 
1 kg samples should be collected for every 1000 m 2 of land 
with, if necessary, a range of depths (typically every 20 cm 
down to 20 to 30 cm below the intended excavation level) 
and sent to a laboratory for physico-chemical analysis. 

The most appropriate soils for pond construction are 
composed of silt and clay, together with a small percentage 
of sand, adequate to provide strength and structure to the 
soil (FAO 1985; Correia & Cavalcanti 1998). According to 
Malecha (1983), clay-silt soils offer better water retention 
capacity (~85% of water retained over a production pe¬ 
riod). Ideally, however, clay content should not be higher 
than 60% in the total soil composition (New 8c Singholka 
1985), or the soils will be too weak, and will swell and crack 
under high and low moisture conditions, respectively. The 
cracking of clay soils in particular can cause problems of 
leakage, although the soils are themselves relatively imper¬ 
meable. Sandy soils cause excessive seepage, but water loss 
can be reduced by constructing an inner key and core in the 
middle of bunds (Fig. 8.2), filled and compacted with im¬ 
pervious material such as clay (or soil/cement mix). Other 
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Fig. 8.2 Examples of keys filled with impervious material to avoid seepage. 


techniques to prevent seepage are described in detail by 
Wheaton (1977). 

Rocky soils should be avoided because they make exca¬ 
vation and earth-moving work difficult, and rock outcrops 
can create major expense in construction. Flooded lands 
and saturated soils are difficult to work, with reduced exca¬ 
vation yield, or require specialised equipment, and should 
also be avoided. However, some sites may only be season¬ 
ally flooded, and construction can be done outside these 
periods. In some cases, the soil can be drained and the site 
protected by a temporary bund to facilitate construction. In 
coastal areas, soils with a high salt content may be difficult 
to use, particularly for placing concrete, and care will be 
required. 

There is a lack of specific studies to determine the chem¬ 
ical properties of the most suitable soils for M. rosenbergii 
culture. However, it is known that sulphate and peaty 
soils are not suitable, as they characteristically have low 
pH (<4.5), and levels of soluble iron, manganese and 
aluminium that are harmful to M. rosenbergii (New & 
Singholka 1985; Wickins &Lee (2002); Correia & Cavalcanti 
1998). Chapter 13 discusses the management of soils and 
sediments in the grow-out culture of M. rosenbergii. 

8.2 Site development 

The development of a site for freshwater prawn culture 
depends on a number of factors, which inter-relate the pro¬ 
duction objectives and site characteristics. In many cases, 


the features of the site and the cost and technical feasibil¬ 
ity of changing it in certain ways may dictate the options 
for scale and type of production and the potential layout 
and dimensions of key features. It may also be necessary to 
adjust production objectives if the site does not permit the 
original aims or methods. By this stage, however, it should 
be possible to establish that strategic issues are satisfactorily 
resolved, that topographical, soils and landscape features 
are acceptable, and that access to suitable water supplies 
and other services is feasible (FAO 1992). Subject also to 
the costs of acquiring the site and decisions to finance the 
project, it may then be possible to plan its construction and 
development. Key issues at this stage include: 

• the overall co-ordination of the scale of the project and 
its different components, and the confirmation that these 
will be workable and effective within the site; 

• considering future options to expand and develop, and 
if intended, ensuring that this could be done easily from 
initial production stages, with minimal disruption; 

• decisions about the methods of construction, and how 
and when this would proceed, considering access to 
equipment, skills of local staff or external contractors; 

• the timing of the different elements of the development, 
and how this will link with available resources of staff and 
equipment, materials and components, and with seasonal 
or other variable factors; 

• the administrative issues of developing designs and 
specifications, obtaining necessary permits, selection of 
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contractors and suppliers, establishing contracts for work 
to be done; 

• proceeding with the development, whether directly or via 
contractors, ensuring it is carried out to the appropriate 
standard and in a timely manner, and monitoring and 
controlling costs; and 

• completing the development, cleaning up the site, testing 
the quality of the completed construction works, com¬ 
missioning key equipment, obtaining certification if re¬ 
quired, commencing production and making final settle¬ 
ments with contractors. 

Decisions about these factors, and about whether or not 
this is to be handled by outside specialists and contractors, 
depends on the scale and complexity of the project and on 
the skills and knowledge of the developers. The following 
sections (8.2.1-8.2.5) outline some of the important prac¬ 
tical points. 

8.2.1 General considerations 

As noted earlier, linkages between the site topography and 
its water supply are key determining factors in defining 
the suitability of a site, its potential for development, and 
the specific locations of individual features. The general 
objective is normally to develop the site at least cost, and 
to arrange for simple, low maintenance and trouble-free 
operation. At a more detailed level, these factors will be 
particularly influenced by relative site levels, soils and their 
distribution, and excavation and construction costs. Vari¬ 
ous regulations may also have to be considered, in terms of 
zoning permissions, protection of conservation areas, wa¬ 
ter abstraction and discharge, environmental management, 
and general construction, building and safety standards. 
Not all of these may apply, but their potential impact needs 
to be considered. The timing of development may also be 
important; in some sites, seasonal variations in rainfall, 
and the presence of surface water on construction areas 
and roads, may be critical factors for the ease and cost of 
construction. 

The issue of site development varies greatly with the 
scale and complexity of the project. At one extreme this 
may only concern building a simple pond and arranging 
a convenient inlet and outlet from/to a nearby stream. 
At the other, it may involve a major production complex, 
with key elements including ponds, large-scale water and 
drainage works, buildings of various types and specifica¬ 
tions, possibly including offices, sales and other public areas, 
management and staff accommodation and facilities, am¬ 
bient or temperature-controlled stores, packing/processing 
facilities, workshops, garages, pump and generator hous¬ 
ings, together with roads, parking areas, power distribution, 


telecommunications, and potable water supply and sewage 
treatment facilities. 

In all cases, and regardless of the scale of construction, it 
pays to take a well-organised and methodical approach, in 
terms of planning the sequences of development, ensuring 
that work and materials are of the appropriate quality and 
are used well, and managing the costs, payments for work 
and regulatory and other permits. 


8.2.2 Water supply development 

Once the availability and quality of water is determined for 
the site, its means of access has to be considered in more de¬ 
tail. The aim is to develop systems which are simple, reliable, 
easy to access (but difficult to tamper with) and inexpen¬ 
sive to develop. For practical reasons of cost, for everything 
up to very large-scale projects, it is not usually feasible to 
draw water supplies more than approximately 1 km from 
the pond site. The water supply system typically includes 
an abstraction point, often including various screening or 
filtering devices, a distribution system of channels or pipes, 
the various devices for controlling and directing water in the 
system, and the distribution system for conducting waste or 
discharge waters away from the ponds. Other components 
may include pumping installations, storage reservoirs and 
treatment lagoons, and specialised control and treatment 
devices. However, as the objective is usually to control costs, 
these are used only when specifically required. 

Surface water development is probably the simplest and 
most common arrangement for most forms of pond farm¬ 
ing, including those for Macrobrachium. Sources include 
rivers, streams, reservoirs, lakes, or various water supply 
or land drainage canals, and water can be abstracted by 
gravity or pumping. Seasonal patterns of supply (and wa¬ 
ter level) and water quality are key determinants of design, 
defining the relative elevations of structures, the need to 
protect against flooding or ensure sufficient access in low 
flow periods, and the need to screen or filter the water prior 
to use. The intake structure should therefore be capable of 
abstracting water at the lowest expected water levels in the 
supply source, protect the downstream system from flood¬ 
ing (and be strong and secure enough to withstand flood 
conditions) and be able to screen out undesired materials. 

It is more common to screen out larger particles (e.g. 
plant and wood debris, waste materials) at the intake, but 
to allow finer materials to pass into the distribution system 
to a point where they can be removed. This avoids the risk of 
blocking the intake, or the need for very frequent cleaning 
of fine materials. Large particles are typically removed using 
coarse vertical or inclined screens, preferably steel or plastic 
mesh, though basketwork screens can also be used, as long 
as they are well maintained. If the risk of blockage is not 
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too great, finer particles can be removed at the intake using 
fine mesh screens or filter boxes. In some cases, carefully 
designed sand and gravel filters can be constructed in the 
bed or the side of the water source. In other cases, it may be 
more convenient to use a water supply reservoir, to allow 
particles to settle, creating a settling area at some point on 
the intake supply, or to use filters or screens at the ponds 
themselves (FAO 1992). 

For gravity supplies, relative elevations during all periods 
of operation will determine the dimensions of supply sys¬ 
tems - pipes or channels - delivering water to the site. For 
larger flows, open earth or lined channels are usually the 
cheapest option, but pipes may be convenient for smaller 
flows, and can be safely dug in to reduce visual disturbance 
and risks of damage or contamination. In some cases it may 
be useful to combine sections of pipe and channel, for ex¬ 
ample if supplies are to be run under roads. The transects of 
supply routes need to be considered carefully to provide a 
steady fall, and to ensure that velocities keep conduits clear 
without eroding them. Where multiple ponds are to be fed, 
it is important to make sure that water will reach all of the 
ponds during normal operations, as slight changes in level 
can create unequal flows. Standard texts on hydraulics or 
irrigation water supply (Hansen et al. 1979; Yoo & Boyd 
1994) may be consulted for typical design procedures. If it 
is feasible to do so, and water is available, it may be worth 
making supply lines bigger than initially suggested, as it can 
be expensive and disruptive to enlarge these later. 

Pumped systems for surface waters can use a gravity flow 
type intake, usually with a small sump or pump chamber 
set behind the intake structure, from which the pump is 
supplied. Alternatively, the pump may simply be mounted 
with its own screened intake directly into the supply water. 
Surface-mounted or submersible pumps may be used; for 
the former it is important to ensure that the mounting is se¬ 
cure and accessible, and that the intake is submerged below 
a sufficient level of water at all times (usually a minimum of 
twice the intake pipe diameter). Many submersible pumps 
are capable of running at least partly dry, but they should 
also normally be covered. Provision must be made to ensure 
that they can be raised for inspection and maintenance. For 
ponds set up in low-lying flat land, adjacent to irrigation 
or drainage canals, pump installations may be particularly 
simple, and in some cases, light, locally manufactured low- 
head tubular lift or propeller pumps may be used, lifting 
water 2 to 3 m at most, from the canal and over the pond 
or supply channel embankment. Overall, it is important to 
ensure that pump costs are controlled, and so capacity and 
operating duty have to be well planned. 

Groundwater supplies may be abstracted from a num¬ 
ber of different sources and in different conditions, ranging 
from a simple well (often dug adjacent to a surface water 
supply, providing a simple ‘ground filtering’ effect) to a 


tubewell or borehole system. It is advisable to seek local ad¬ 
vice concerning the site and type of intake, and to establish 
the potential flow and quality, and the pumping depth (and 
hence capacity) required to develop the supply. The same 
considerations apply to pump installations as they do for 
surface waters, though specialised systems may be required 
for deeper boreholes. Though groundwaters are unlikely to 
require screening or filtration, they may be deficient in oxy¬ 
gen, and may contain higher than desirable levels of toxic 
dissolved gases or dissolved metals, particularly iron, which 
may have to be treated. 

Where estuarine or coastal water sources are to be used, 
water systems have to be planned carefully with respect to 
the position of saline waters and their diurnal, seasonal, 
and use-related variation to ensure that water of acceptable 
(low) salinity is available. For open water intakes, water 
may be taken from the surface or in some cases from a 
sub-surface intake point where preferred salinity and wa¬ 
ter quality can be derived. Groundwater intakes have to be 
considered carefully with respect to the effects of saline in¬ 
trusion, where excessive pumping, by the farm or others, 
may raise the saline water table, resulting in gradually in¬ 
creased intake salinities. The risks, and advice on siting such 
wells, should be discussed locally. 

Depending on need, storage and treatment systems may 
be incorporated into the water supply. Though they entail 
additional cost and complexity, these can serve a number 
of purposes, including: 

• storage of water for intermittent supply conditions (e.g. 
access to lower salinity water during tidal fluctuations, 
seasonal rainfall). Reservoir ponds are normally used, 
or widened and deepened supply channels. Their size 
depends on the storage required, and on conditions such 
as evaporation and seepage loss; 

• deposition of fine solids and, in some cases, removal of 
pathogen particulates. Sizing depends on the removal 
levels required and is usually carried out by the use of 
reservoir ponds. A minimum of 30 minute residence time 
is normally required for removing medium-fine particles 
and much longer for smaller sizes; 

• aeration and oxygenation, either through atmospheric 
contact and photosynthesis, or through mechanical stir¬ 
ring or oxygen injection. This may also help to pre¬ 
cipitate iron, and may reduce dissolved organic matter 
loadings; 

• chemical dosing, e.g. for pH control, sterilisation, floccu¬ 
lation, etc., in tanks or ponds. This is used only in special 
circumstances and has to be designed specifically for the 
purpose concerned; and 

• collection, mixing and distribution from different water 
sources. This may take place in mixing tanks or ponds 
and may concern surface and groundwater. In some cases 
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water may be partially recycled from the farm outlets to 
conserve and reuse waters. 

In most cases, these functions can be satisfied in a single 
unit, typically an intake/water supply pond, which may be 
further partitioned for specific functions. 

Water distribution and control systems need to be 
planned to ensure they are capable of delivering the specific 
flows required, under all operating conditions, to the com¬ 
ponent parts of the farm. M. rosenbergii ponds should be 
planned with individual water supply systems. The waste 
water from one pond should not be used to supply an¬ 
other (Fig. 8.3), in order to avoid the accumulation of toxic 
substances in downstream ponds (New & Singholka 1985; 
Valenti 1991; Lombardi 1996; Correia 8t Cavalcanti 1998; 
New 2002). Layouts should be simple, direct and easy to 
manage, with convenient access and the means to adjust 



I I Pond 
—* Water flow 


Fig. 8.3 Schematic of parallel derivation for pond water 
supply. 


water flows as required. Small brick, concrete, wood or 
plastic-lined channels can be used, or pipes with simple 
gate structures, weirs or valves. Simple means of estimating 
water flows such as V notch weirs may also be incorporated. 
In some cases, small pumps may be needed for occasional 
transfers of water. 

The final component of the hydraulic system is the waste 
water collection structure, which has to be designed to be 
able to accommodate discharge flows from all parts of the 
farm, including normal operations, drainage and flushing 
of ponds, and the receipt of intake overflows and local runoff 
during high rainfall periods. Where discharge is simple and 
direct to receiving waters, the correct dimensioning of the 
drainage pipes and canals is the only issue. Otherwise, it 
maybe necessary to reduce solids loads and improve oxygen 
levels. If additional settling ponds or lagoons are required, 
it may then be convenient to reuse at least some of the water. 

Finally, as water supplies are the most critical features 
in the successful operation of a Macrobrachium farm, it is 
important to remain aware of the safety factors. Reason¬ 
able provisions against drought, floods, silt levels and other 
water quality changes, power or pump failure, blockages of 
channels, pipes and flow controls, need to be made. 

8.2.3 Pond layouts 

The number, size and layout of ponds interlink with site 
features, water and power supplies, road access and with 
other construction features. The primary determinant is 
usually the production planning exercise, which defines the 
biomass targets, the timing of stocking and harvesting, the 
crop sizes, and the intended transfer plans (if any) between 
earlier and later growth periods. In the special case of inte¬ 
grated systems such as gher and other ponds, factors such as 
agricultural crop planning and the size of crop areas versus 
deeper water areas may need to be considered. Once the pri¬ 
mary issues have been defined, the relative size and number 
of ponds can then be determined, and these can be located 
appropriately within the site. An important construction 
objective is to minimise the costs of earth moving, and thus 
arrangements which balance the volumes of soil ‘cut’ and 
‘fill’, allowing also for soil balances for other components 
such as roads and canals, are to be preferred. The need for 
soils for other purposes, such as flood protection bunds, 
landscaping, etc., also needs to be considered. 

Ideally, the aim should be to provide a logical layout with 
respect to the flow of water through the site, the move¬ 
ments of stocks from stocking to harvesting, the provision 
of production inputs, the need for access, and the need for 
security. For integrated systems, the different components 
need to be arranged so that they work effectively together. 
Particularly for larger and more intensive farms, it may be 
appropriate to define and group sub-systems, representing 
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different production stages, management areas or site 
zones. Some of the key points are as follows: 

• pond size generally increases with the production stage, 
with small ponds for nursery or early rearing and larger 
ponds for grow-out. These may be grouped together, or 
arranged in separate sections. Final pond size may be 
linked with intended harvest batch size; 

• large ponds are generally cheaper than small ponds, per 
volume enclosed, but are more difficult to manage. As 
ponds increase in size, they require less excavation depth 
to produce enough material for their bunds. Conse¬ 
quently they are easier to build on lower lying, flatter 
ground. The converse applies to smaller ponds; 

• where site contours are steep, it is easier to build ponds 
along the contours rather than across them. However, 
this may require long supply and drainage systems; 

• according to New & Singholka (1985), ponds should be 
oriented to align with prevailing wind directions to in¬ 
crease natural aeration. Wind action at drainage points 
can also facilitate water replacement. However, Correia 8t 
Cavalcanti (1998) recommended that the ponds should 
be placed contrary to wind direction to avoid mud ac¬ 
cumulation at drainage points. In large ponds, excessive 
wave action may also increase erosion of pond bunds; 
the choice of alignment depends on whether aeration or 
erosion is the more important issue; 

• it is common to arrange for nursery or early rearing stages 
to be nearer the main centres of activity and infrastruc¬ 
ture access, to ensure that they are well protected and 
managed. They also commonly have the best water sup¬ 
plies; 

• in a sloping site, it is usually most convenient to have 
main access, infrastructure, buildings and early rearing 
stages at the top of the site, and grow-out ponds in the 
lower areas, serviced with a harvest access road; and 

• access should be available to all functional parts of the 
farm, and all ponds should be visible from one or more 
convenient vantage point. The farm layout may also be 
screened visually from outside. 

8.2.4 Infrastructure 

The importance of the availability of external road access, 
distance to shipping and air ports, and local services has 
already been noted. At the planning stage it is important to 
consider the potential infrastructure demands, their tim¬ 
ing, and the means by which infrastructure can be made 
accessible to the site. Local roadworks are usually fairly 
straightforward, and may be incorporated into site con¬ 
struction activities, though repair and upgrading of public 
roads may be necessary if the project will generate signifi¬ 
cant additional traffic. Within the site, it will be important 


to provide suitable working, turning and parking space for 
vehicles and equipment. 

Power supplies may be more problematic and, if avail¬ 
able, will usually require access to the distribution system, 
the potential need for further transformer capacity, and 
arrangements for internal distribution within the site. En¬ 
ergy consumption is associated mainly with mechanical 
aerators, pumps, refrigerators and cold storage facilities, 
feed manufacture, lighting, office equipment and general- 
purpose machinery, and will vary with the size and sophisti¬ 
cation of the farm. A three-phase power supply is preferable 
for heavier-duty equipment, but is not essential. In some 
cases, a direct power drive (e.g. from a diesel or gasoline en¬ 
gine) may be cheaper and more effective. The reliability and 
stability of the power supply is also important. Protective 
and control devices may be needed to avoid problems with 
voltage surges and phase cut-outs. Power may be generated 
on site, usually with a diesel generator, though solar, wind 
and hydro-power sources can sometimes be tapped. Where 
the farm is to have significant dependence on electrical 
power, a back-up power source - usually a diesel generator - 
is essential to cover key items. 

A range of buildings may be required, as earlier noted. 
Project offices, work areas, laboratories, housing for man¬ 
agers and employees, processing facilities, stores for feeds, 
harvesting seines, machines and vehicles, garages, work¬ 
shops and other units may all be required. Specifications, 
key dimensions and locations of these facilities need to 
be considered, together with their service requirements. In 
some cases it may be convenient and effective to house 
all functions within a single building; in other circum¬ 
stances, separate and more specialised units may be ad¬ 
vised. Where conventional phone systems are not available, 
radio-telephone or satellite communications may be con¬ 
sidered. Radio-telephone and other systems are also useful 
for communicating around the site, for management and 
safety purposes, particularly for large projects. Protective 
fences and alarm systems may be needed to limit access to 
installations, and to improve farm security. 

Main water and waste disposal facilities are an added ad¬ 
vantage but are not essential, as provision can be made on 
site, though this needs to be considered in site selection. 
Batch supplies of drinking water can be obtained, or bore¬ 
hole or filtered rainwater collected on site. Water for wash¬ 
ing and other purposes may be obtained locally. If water is 
needed for processing and packing, or for ice production, 
it needs to be of good quality, normally the equivalent of 
drinking water. Aqueous waste disposal can be carried out 
either using a septic tank, waste lagoon or simple soakaway. 
In some cases a package treatment unit may be considered, 
though these tend to be expensive for their capacity. Solid 
wastes may be incinerated, buried in suitably isolated and 
protected locations, or collected for disposal elsewhere. 
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8.2.5 Planning pond construction and development 

Features of sites and their water supply and pond layout have 
already been noted, and it is clear that local topography and 
soils, associated with factors such as access and cost/ease of 
construction, are important determinants in pond location. 
Once the overall features of the site have been identified 
and primary decisions made about relative positions and 
locations, a more detailed topographic study is necessary 
in order to plan the distribution of the ponds within the 
site. This study should provide measurements every 10 to 
50 m in unlevelled terrain, at vertical intervals of 20 cm or 
less. On a very uneven site more detailed measurements 
may be required. Together with the overall layout ideas, 
which may be adjusted according to detailed levels, this 
should determine the best sites and means of development 
to avoid excessive earth moving during pond excavation. 
Further information is also provided in section 8.3. Detailed 
topographical information can also be used to determine 
the appropriate sequence of development for large sites. 

Once these data are established and final decisions about 
layout have been made, arrangements can be made to set 
out and mark the main construction features, organise con¬ 
struction plans, obtain planning or other regulatory per¬ 
mits, and finalise agreements for equipment supply, con¬ 
struction contractors, additional workforce, etc. 

8.3 Pond system construction 

8.3.1 Pond dimensions 

The choice of pond size is determined by the technology in¬ 
tended for the project, together with topography and local 
climate. In suitable site conditions, larger ponds are gener¬ 
ally less expensive to construct per m 2 than smaller ponds, 
as the bund volume per area enclosed is smaller and as the 
costs of inlets and outlets do not vary directly with size. 
However, much less soil needs to be taken from the floor 
of a large pond to generate sufficient material for its bunds, 
and so they may be less suitable when site levels require that 
the ponds are dug deeper into the ground, as too much ex¬ 
cavated earth will be produced. Because of the smaller bund 
area relative to surface area, large ponds also use site space 
better and, because of their greater water mass and thermal 
inertia, they are less susceptible to temperature oscillations. 
However, environmental and other conditions may be more 
variable across the area of larger ponds, and management 
may be more difficult. It is common for yields per unit area 
to be lower in larger ponds under equivalent production 
conditions. 

The individual area of M. rosenbergii grow-out ponds 
generally varies from 0.2 to 0.6 ha (Ling & Costello 1979; 
Valenti 1991, 1996; Correia & Cavalcanti 1998; New 2002). 


Gher and other small-scale integrated ponds may have a 
smaller area, from 0.05 ha upwards, but may reach 0.5 ha 
or more. As noted earlier, larger ponds make management 
more difficult, particularly with respect to feed distribution, 
sampling and harvesting. However, some farms have ponds 
larger than 1.0 ha (Sandifer et al. 1983; New & Singholka 
1985; Hsieh et al. 1989). 

Valenti (1985) noted that freshwater prawn ponds can 
be round, square or rectangular, though artisanal gher and 
similar pond types maybe irregular in shape, depending on 
individual land holdings. However, rectangular ponds usu¬ 
ally offer better and more convenient management condi¬ 
tions. Their length to width ratio typically varies from 2.5:1 
to 4:1 (Ling 8t Costello 1979; Sandifer et al. 1983; New 8t 
Singholka 1985; Correia & Cavalcanti 1998). Seine har¬ 
vesting is not very efficient in ponds larger or wider than 
30 m (Lam & Wang 1986; New 2002). Feed distribution at 
the centre of the pond also becomes more difficult. Gener¬ 
ally, the length of large commercial ponds varies between 
100 and 125 m, and the width from 30 to 50 m. It becomes 
more feasible to use larger ponds when feed can be broad¬ 
cast mechanically, and seine harvesting can be assisted by 
tractors or mechanical winches. 

The pond base is usually slightly sloped, varying between 
0.5 and 1.0% (i.e. 5 to 10 cm per 10 m length) towards the 
drain, thus allowing the pond to be completely emptied by 
gravity. The nominal depth of a pond is given by the average 
between the shallowest (supply end) and deepest (drainage 
end) point. Thus a pond with 1 m of water at the intake 
end and 1.5 m at the outlet, has an average depth of 1.25 m. 
The water depth of freshwater prawn ponds recommended 
by various authors has differed. New & Singholka (1985), 
Valenti (1996) and New (2002) suggested an average wa¬ 
ter depth of 0.9 m. Rodrigues et al. (1991) and Lombardi 
(1996), respectively, suggested 1.4 and 1.25 m as a suit¬ 
able average depth for sub-tropical regions. Mendes (1992) 
stated that M. rosenbergii can be produced in ponds with 
depths varying from 10 to 40 cm in steady temperature re¬ 
gions. Shallow ponds are more utilised in tropical regions. 
However, this can also result in overheating of pond water 
and excessive growth of macrophytes on the pond bottom. 
According to Hsieh etal. (1989) and Wickins & Lee (2002), 
deeper ponds keep more stable temperatures. However, they 
need to be partially drained to make seine harvesting easier, 
which may represent an undesirable waste of water in some 
circumstances. 

Pond bunds should normally have a freeboard of 0.30 
to 0.60 m above water level to avoid overflow or overtop¬ 
ping through wave action (Wheaton 1977). Therefore, for 
a pond of 1.25 m average depth with 0.3 m freeboard, the 
bunds would average 1.55 m in height from the pond base 
(Fig. 8.4). As noted earlier, for small-scale integrated ponds 
built in seasonally flooded land, flood levels are another 
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Fig. 8.4 Average depth, bund inter¬ 
nal slope and freeboard. 

Key: a = inlet system; b = outlet 
system. 



major factor. Here the aim is usually to withstand 10-year 
floods (according to local experience), and thus the bunds 
may be elevated 1 m or more above surrounding levels. In¬ 
ternally, depths maybe defined by the relative areas of higher 
rice-growing areas, which are usually at about the original 
land level. The excavated areas, typically 0.3 to 1.0 m below 
this, occupy 15 to 40% of the interior surface. 

The slope of bunds is determined according to soil type, 
relative elevations and practical operational factors. For 
highly stable soils, the slope of internal embankments is typ¬ 
ically at a ratio of 2.5:1 (horizontakvertical). For unstable 
soils, the minimum slope should be closer to 4:1. Accord¬ 
ing to Wolf (1994), the best internal slope for prawn pond 
bunds is 3:1, as this facilitates seine harvesting and avoids 
erosion (Fig. 8.4). The shallowest regions in the ponds are 
preferentially occupied by juveniles and recently moulted 
prawns, while adults occupy deepest areas (Correia & 
Cavalcanti 1998). Therefore, bunds with a shallower slope 
at their base may allow better prawn distribution. For ex¬ 
terior bunds the minimum ratio is 1.5:1 for stable soils, 
though they are usually more gently sloped, typically 2.5 to 
3.5:1. Where the external bund of one pond is the internal 
bund of another neighbouring pond, the slope should be 
3:1. In complete contrast to these criteria, small artisanal 
ponds, such as ghers, are commonly built on floodplain 
areas whose soils typically have a high content of relatively 
stiff, cohesive and impermeable clay soils. Simple bunds of 


up to aboutg 0.5 to 0.8 m may be built with slopes as steep as 
0.1:1, almost vertical, while larger bunds for flood protec¬ 
tion are typically set at 0.5 to 1:1. All of these bunds require 
periodic maintenance and rebuilding, particularly as the 
clay soils crack widely if dried out, for example during dry 
seasonal conditions. However, they are generally acceptable 
for their purpose. 

The crest or top width of pond bunds is usually related 
to their height (Fig. 8.5), and is also defined by the access 
required. A further factor may be the need to build water 
control structures such as sluices, where larger and wider 
bunds may increase construction costs. Crest widths of 3.5 
to 4.0 m, suitable to provide a circulation network for ve¬ 
hicles and machinery, are usually required in large farms. 


w 



Fig. 8.5 Minimum bund crest. 
Key: w = width; h = height. 
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In non-mechanised farms, it is common only for down¬ 
stream bunds to be wider, thus forming the main access 
for vehicles. In these cases, lateral bunds are narrower and 
constitute secondary access, allowing two-wheel vehicles, 
employees and traction animals to circulate. In very small 
ponds with clay soils, inner bunds in particular may only 
be wide enough for walking space. The seepage line of the 
water from the inner pond level to the outer ground surface 
is also important; if the overall width of the bund is insuf¬ 
ficient, seepage losses may be unacceptably high and, more 
seriously, the bund may be weakened. For this reason the 
crest maybe widened, or the exterior slope decreased. Alter¬ 
natively, building a core of less permeable material within 
the bund will restrict seepage and allow narrower bunds. 

8.3.2 Initial preparations 

Even for small projects, a certain amount of planning and 
organisation is required before any physical construction 
steps can proceed. Key points include: 

• defining layouts, determining whether construction is to 
proceed in one or more stages, and defining key target 
dates for completion, particularly if seasonal constraints 
exist; 

• assessing costs, organising finances for the development 
of the project, and confirming that the project will be 
viable, based on the timing and potential level of returns; 

• adjusting project plans if necessary to meet timing and 
financial targets; 

• producing the necessary documents and obtaining per¬ 
missions for site development, for water supplies, power, 
etc.; 

• defining how the project is to be developed, e.g. own 
build, contracted out or with specific sub-contractors for 
specialised works, and defining the construction period; 

• setting up a project management/supervisory function, 
and assembling or organising a suitable workforce for 
own construction work; and 

• organising bidding and contract documents, assessing 
and selecting contractors, and ensuring that finance is 
available and that the site is ready as required for the 
contractor to proceed. 

Before construction starts, initial access ways need to be 
made, and the land should be cleared and marked out, with 
external boundaries clearly defined. Site areas for storage 
of construction materials and for temporary placement of 
excavated soils should also be identified. For larger-scale 
projects, a temporary site office/store and a lockable com¬ 
pound may be required for secure storage of tools, equip¬ 
ment and more valuable materials, and for staff and worker 
facilities. Shipping containers can be conveniently used for 


this. Temporary power, freshwater and toilet facilities may 
also be required. However, if the project is small and simple, 
and the duration of construction is short, these may not be 
needed. 

A primary site datum point should also be established; 
this should be a permanent marker, at least during the 
construction phase, and can either be a prominent and 
durable natural or man-made feature, or can be fixed once 
the site is cleared. This provides a reference for distance 
and elevation for all the subsequent works on the site, and 
should be positioned so that it is as accessible as possible 
by line of sight to all parts of the project area. A number 
of secondary datum points can be referenced to this for 
triangulation, usually once the site is cleared; where the site 
has a complex topography, these can also be used to extend 
the line of sight around major obstacles. 

Before clearing the land, the major features of the project 
(roadways, water supply routes, pond areas and building 
foundations) need to be marked in outline, using simple 
marker poles or coloured cloth strips tied to trees or shrubs, 
and decisions should be made about which areas need to 
be stripped of surface vegetation (trees, shrubs, grasses and 
other plants) and topsoil. Basic cover or topsoil is typically 
present as an organic layer of about 10 cm depth, with a 
mixture of soils, pebbles, decayed vegetable matter and plant 
or shrub roots. In construction areas this layer should be 
scraped clear, as it cannot be used for normal earthworks. 
However, the topsoil can be kept for later use to cover the 
upper surface of pond bunds, roadsides and canal banks and 
for general post-construction landscaping. Small areas of 
land can be cleared by hand using agricultural implements, 
stump pullers and light tractors. For larger areas, scraper 
tractors can be employed, with a typical capacity of 1000 to 
2000 m 2 per 3- to 5-hour work cycle (Wolf 1994). 

After scraping, the land should be marked out with 
wooden stakes to delimit the excavation and construction 
area. A series of level marks (wooden‘T’ or ‘H’ frames) can 
also be set out to define key levels and act as local references 
for excavation, construction or finishing levels. For both 
horizontal and vertical markers, twine can be stretched be¬ 
tween consecutive points to define position and level lines. 
For ponds, usually the main construction feature, Bard et al. 
(1974) recommended placing stakes within the area marked 
to build the ponds to form a series of equidistant (usually 
rectangular) shapes. A line should level the top of the stakes 
to define the bund crest and depth measurements (Fig. 8.6). 
Excavation cuts can then be made alongside the position 
lines. FAO (1992) shows how an outer line frame can be 
used to define the outside of the bund, then consecutively 
the outer bund crest, the inner crest and the inner base of 
the pond itself. Similarly, position and level lines can be 
set out for canals, roadways and foundations, and trench 
positions for pipes, cables, etc., can be identified. 
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Fig. 8.6 Disposition of stakes for pond construction. (Modified from Bard et at. 1974.) 


As a broad guideline, major earthworks using larger ma¬ 
chinery types are carried out first, followed by smaller and 
more localised works, involving smaller machinery or man¬ 
ual works. The project is built from the lower levels up¬ 
wards, and so drainage structures, submerged pipes and 
power lines, and building foundations are usually placed 


first, pond bunds, roadways, lower-level building works and 
surface supply lines constructed next, then above-ground 
building works, and finally various superstructure elements 
such as fencing, elevated power and lighting systems, pond 
equipment, etc. However, this order may be changed, de¬ 
pending on whether there are construction risks (e.g. of 
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Fig. 8.7 Pond construction scheme for slopes varying between 2 and 5%. (Modified from Wolf 1994, copyright 1994 
with permission.) (a) = platform construction; (b) = pond construction. 


heavy machinery damaging newly laid power cables, or ac¬ 
cording to sub-contractor timetables), or if some parts of 
the project are to be completed before others. 

8.3.3 Forming ponds 

To reduce earth moving and to ensure that bunds are prop¬ 
erly built up, excavation cuts are alternated with earth mov¬ 
ing and compaction. According to Wolf (1994), in sloping 
ground of 2 to 5% gradient, which requires the least amount 
of earth moving, construction should be made in two stages. 
The first begins with cuts in the highest area, from which 
the soil is spread on to the lowest area, forming a flat and 
well-compacted platform (Fig. 8.7a). In the second step, 
new cuts are formed, with earth moving to build the bunds 
(Fig. 8.7b). In slightly sloped land, less than one-third of 
the total depth of the ponds originates from excavation, 


generating enough soil to construct the bunds (Fig. 8.8). 
FAO (1992) provides a more detailed analysis of these re¬ 
lationships, according to land slope, pond size and depth, 
and bund width and gradient. 

The bunds are constructed by building up successive 
layers of soil, with thicknesses varying from 15 to 20 cm. 
Each layer is compacted by a tractor driving over it about 
four to five times (Wheaton 1977) or, preferably, by using a 
roller. In drier conditions, the soil should also be moistened 
to improve its compaction. This procedure can also be used 
to compact the pond bottom in order to decrease seepage. 
If pond soils are more permeable, it may be necessary to 
construct a key trench and an impermeable core. In this 
case, the trench line needs to be defined, and the trench 
cut by hand or with a narrow bucket excavator. The core 
material is then packed into place, and the ordinary soil 
placed and compacted around it. 



Fig. 8.8 Pond construction scheme for flat or slightly sloping land. (Modified from Wolf 1994, copyright 1994 with 
permission.) 
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Fig. 8.9 Nursery ponds being con¬ 
structed in a Brazilian Macrobrachium 
farm. (Reproduced with permission of 
Julio Vicente Lombardi.) 



Soil removed in excavation undergoes natural increases 
in volume due to the decompression of soil particles. This 
phenomenon, which varies with soil type, moisture content 
and previous compaction history, is known as swell or blis¬ 
tering. A correction factor should therefore be applied in 
calculating the volumes of earth to be moved. Wolf (1994) 
suggested a coefficient of 1.43, while Correia & Cavalcanti 
(1998) considered 1.3 to be appropriate. However, though it 
is difficult to achieve the original volume after compaction, 
the final volume may be 80 to 90% of the expanded, loose 
volume, or around 5 to 10% greater than the original. 

As noted, several different types of heavy machine may 
be used for soil excavation and compaction in larger pond 
developments. Excavators, scrapers, shovellers and planers 
are used in excavation, scraping and levelling, as well as 
earth movement and placing (Fig. 8.9). For larger volumes 
and longer distances, dump trucks may also be useful. In 
difficult site conditions (e.g. where excavated zones are sea¬ 
sonally waterlogged) a Caterpillar-tracked bucket excavator 
may be useful, in some cases operated from a suitably stable 
earth or rock platform, with an operating radius defined 
by the size of the crane arm. Drainage pumps may also be 
required to de-water construction areas periodically. Stan¬ 
dard sheepsfoot or other types of rollers, and Caterpillar- 
tracked tractors are the most appropriate for compacting 
bunds and pond bases (Wolf 1994; Correia & Cavalcanti 
1998). Tables 8.2 and 8.3 show calculations for earth mov¬ 
ing and machine yields under a range of slope conditions 
and development areas. 

For smaller ponds, and particularly in heavier clay soils, 
manual construction may also be feasible where labour costs 
are acceptable. Here, excavated soils can be loosened with 


hoes or cutting tools and loaded into barrows or cribs, 
and then placed and compacted by hand. Clay soils can be 
scooped by hand or cut as blocks, and passed hand to hand, 
to be placed into bund structures. Techniques for building 
simple earthen ponds are also detailed in FAO (1995). 

8.3.4 Water supply 

The features of water supply systems, and options for their 
development, have been discussed earlier. For gravity sup¬ 
plies, concrete, brick or timber sluice gates can be used 
to control water intake, flow being regulated by stop-logs 
placed in grooves inside the sluice gates. Water can be trans¬ 
ported to the ponds by means of open channels or pipes 
(Fig. 8.10). Levels of pipes or channels supplying them need 
to be carefully checked to ensure that flow conditions are 
as intended. The position and level of supply weirs and 
sluice gates need to be co-ordinated with this to ensure 
that relative water levels are appropriate during all periods 
of operation. If possible, the construction of water intake 
structures should be done during low flow periods; in some 
cases it may be necessary to divert water, or to place tempo¬ 
rary protection (e.g. with sandbags or a simple cofferdam) 
around the construction area to allow the work to be carried 
out in at least partially dry conditions. Alternatively, it may 
be possible to build below water and to use pre-assembled 
structures which can be set into place. It is usually conve¬ 
nient to establish the sluice structures first, and then to link 
these with the supply channels or pipes. 

As noted earlier, channels are usually cheaper than pipes. 
They may also help to increase water temperatures and DO 2 
levels (Valenti 1996), but they require more maintenance. 
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Table 8.2 Earth moving and machine yield requirements for construction of 3000 m 2 (30 x 100 m) ponds with 
3175 m 3 capacity, according to different slopes. (Modified from Wolf 1994, copyright 1994 with permission.) 


A 

B 

C 

D 

E 

F 

G 

H 

(%) 

(m) 

(m 2 ) 

(m 3 ) 

(m 3 ) 

(m 3 ) 

(h) 

(h) 

2.5 

34.96 

3.60 

404 

1479 

2115 

46 

18+ 18 

5.0 

37.24 

7.66 

858 

1933 

2765 

61 

24 + 24 

7.5 

39.87 

12.28 

1376 

2451 

3505 

77 

30 + 30 

10.0 

42.96 

17.58 

1970 

3045 

4355 

95 

37 + 37 

12.5 

46.64 

23.75 

2660 

3735 

5341 

117 

46 + 46 

15.0 

51.07 

31.01 

3473 

4548 

6504 

142 

56 + 56 


A = land average slope. 

B = required pond width. 

C = cut section area required to level the platform. 

D = soil volume for platform construction. 

E = total soil volume = platform bund. 

F = bund landfill volume, compensated (f = 1.43, where f = expansion factor for loose soil). 

G = number of hours of Caterpillar tractor use (86 HP) needed for construction. 

H = number of hours of scraper tractor + number of hours of Caterpillar tractor needed for construction. 


If levels and soils are suitable, they can be excavated directly 
into the soil using planers or bucket excavators. According 
to Wolf (1994), a triangular channel section can be made 
using a scraper, with an output of 450 to 700 m/h. With 
a bucket excavator, channels are built from 0.3 to 0.5 m 
width, in rectangular or trapezoidal section, with output 
ranging from 21 to 46 m/h for dry soils and 12 to 28 m/h 
for wet soils. To avoid seepage, channels can be covered with 
plastic or with a soil-cement mixture of approximately 3 to 
6 parts soil to 1 part cement. Alternatively, less permeable 
soils can be layered over the inside of the channel. Smaller 
and shorter channels can also be built with lateral bunds of 
brick or cement block, on a concrete base, typically 0.1 m 
over a gravel/rock base of 0.2 m. This is a relatively high- 
cost structure but lasts longer and can carry higher flows 
for its size. Sivalingham (1974), Wheaton (1977) and FAO 
(1992) provided information relating channel dimensions 
according to water requirements. 


Pipes are considerably more expensive, but occupy less 
space and can be used more conveniently in changing gra¬ 
dients. With sufficient care, and the use of air vents, they 
may also be used as siphon devices. However, they need 
to be sized correctly, selected for the appropriate pressure 
grade, and installed properly. Pipe flow and technical speci¬ 
fications are normally available from reliable pipe suppliers. 
It is important to ensure that pipes are properly protected. 
If installed below ground, they should be laid in a trench, 
normally cut using a narrow bucket excavator, in which at 
least 0.1 m of graded sand/gravel bedding material is placed. 
Joints should be cleanly and securely made, and the pipes 
filled around with additional material, then graded small 
rock and, finally, a cover of top soil. Where heavier sur¬ 
face loads are likely (e.g. due to the passage of vehicles), a 
concrete or concrete slab protection should be provided. 
Where pipes are surface mounted, they should be securely 
positioned (e.g. using wooden stakes, clamps or concrete 


Table 8.3 Earth moving and machine yields for pond construction under different conditions, area and bund internal 
slope. (Modified from Wolf 1994, copyright 1994 with permission.) 


A 


C 

D 

E 

F 

(m 2 ) 

B 

(m 3 ) 

(m 3 ) 

(h) 

(h) 

1200 

1.5:1 

539 

771 

17 

7 + 7 

1200 

3.0:1 

531 

760 

17 

7 + 7 

3000 

1.5:1 

1018 

1456 

37 

13 + 13 

3000 

3.0:1 

1075 

1538 

34 

13 + 13 


A = water surface area. 

B = internal bund slope. 

C = bund landfill geometric volume. 

D = bund landfill volume, compensated (f = 1.43, where f = expansion factor for loose soil). 

E = number of hours of Caterpillar tractor use (86 HP) needed for construction. 

F = number of hours of scraper tractor + number of hours of Caterpillar tractor needed for construction. 
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Fig. 8.10 Inlet system. 

Key: a = collection point; b = transport channel; c = flow distribution. 


anchor blocks), with at least one fixing for every pipe sec¬ 
tion (typically 6 m). Special care should be taken to fix the 
pipe at bends, and at comer or T joints, where pressure 
surges may shift the pipe or even spring open its joints. Pro¬ 
tection should also be provided in busy areas, for example 
by using simple fences, guards or bollards or, where vehicle 
access is required, using a reinforced concrete or concrete 
slab cover. In such areas it may of course be simpler to bury 
the pipe. In all cases, access should be provided for cleaning 
out the pipe. Most pipe suppliers have simple access fit¬ 
tings with screw cap or other closing devices; alternatively, 
these can be adapted from basic pipe materials, or a simple 
concrete or brick access box may be constructed. 

For both pipes and channel systems, a range of simple 
connection structures may be required to join flows from 
different sources, or to split them up to supply different 
parts of the farm or individual ponds. These are usually 
brick, concrete block, reinforced concrete or timber boxes, 
pinned into the substrate or set on a concrete foundation. 
Typically 0.8 to 2 m wide by 1 to 3 m in length, depending 
on the flows to be handled and the number and dimension 
of connecting pipes or channels, these may also have sluices 


or stop-logs to adjust or close off water flow in particular 
directions. FAO (1992) provides typical details. 

Inlets are usually constructed once the main pond shape 
is formed, normally with short channel lengths or PVC 
pipes, which are more durable and flexible. These are gen¬ 
erally installed in shallow trenches dug at a slope of 0.5 to 
2%. The inlet system should allow flow adjustments into 
the ponds. An inlet box is shown in Fig. 8.10, where the 
water flow is controlled by wooden stop-logs. In pipes, flow 
adjustments are made by valves or sliding vanes. Alterna¬ 
tively, an inlet sluice may be cut through the pond bund, 
but these structures are usually much larger, heavier and 
more expensive, and are rarely justified. The inlet should 
be placed in the shallow end of the pond, directly or dia¬ 
metrically opposite the discharge point (New & Singholka 
1985). Water should be introduced at least 0.3 m above the 
pond water surface; it may also be useful to place a deflector 
or baffle in the pond, to direct the inflow water downwards 
into the lower water column. Both techniques improve aer¬ 
ation. Mechanical filters in inlets are also useful to avoid 
introducing predators or competitors into the ponds. Lom¬ 
bardi (1998) gave a detailed scheme of filtration systems 
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used in Brazil. Water filtering devices are also discussed in 
FAO Manuals (FAO 1992, 1996). 

8.3.5 Outlets 

Outlets are normally sited at the lowest construction level, 
and are built first. Alternatively, the pond bund can be cut 
through and the outlet constructed. There are two main 
objectives - to retain water at the desired level, and to ex¬ 
change water through the pond, drawing from the most 
suitable level in the water column. Continuous water flow 
reduces concentrations of toxic substances produced by 
prawn metabolism and the decomposition of organic mat¬ 
ter deposited on the bottom. Prawns are benthic and thus 
live on the pond bottom, where water quality is not so 
good. An efficient outlet system should therefore remove 
water from near the pond bottom, without changing the 
entire water column. Finally, at the end of the production 
cycle, the pond needs to be partially or completely drained 
for harvest and subsequent pond maintenance. 

The most effective and widely used outlet system for 
Macrobrachium on-growing ponds is the monk (Figs 8.11 


to 8.18). This is usually formed as a tall concrete, brick or 
wooden box, set in the lower end of the pond, in which one 
side (usually facing the pond) is open, with sets of grooves to 
contain one or two sets of stop-logs and at least one outside 
screen. At the base of the opposite side of the monk, a pipe 
is set through the pond bund, allowing the water to drain 
externally. The screen is placed in front of the stop-logs to 
prevent the stock from escaping during drainage. An extra 
pair of grooves can also be set into the structure to allow a 
spare screen to be used when the principal screen is being 
cleaned. Screens of 2.0 and 5.0 mm mesh are normally used 
during initial and final stage grow-out ponds, respectively. 
Flexible plastic screens are usually the most durable. 

The dimensions of monks depend on the pond size and 
depth, typically 1.0 to 2.0 m in height and 0.6 to 1.2 m in 
width and depth. If more sets of boards and screens are 
required, the depth usually needs to be greater to accom¬ 
modate the grooves, which are usually placed about 50 mm 
apart. For widths of more than 0.8 m, it becomes more diffi¬ 
cult to keep stop-logs from twisting and becoming difficult 
to move. The monk can be placed internally (Figs 8.11 and 
8.12) or externally (Fig. 8.13) in the ponds. External monks 



Fig. 8.11 Internal monk outlet system. 

Key: a = plateau; b = discharge channel; c = discharge box. 
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Fig. 8.12 Concrete monk during 
the drainage of a Brazilian Macro- 
brachium pond. (Reproduced with 
permission of Julio Vicente Lombardi.) 



have all four sides closed, with the boards set inside and 
a screen placed over the intake pipe on the inside of the 
pond. This makes access to the boards more difficult than 
with the open-sided internal monk. Valenti (1996) noted 
that internal monks can be an obstacle to seining. However, 
Huet (1986) pointed out disadvantages for external monks, 
including their vulnerability to theft and acts of vandalism. 
Another advantage of internal monks is the possibility of 


removing water from the upper water column, which is 
sometimes necessary to eliminate algal blooms in flush¬ 
ing operations. Internal monks usually have a larger screen 
surface, which helps to reduce clogging. 

The stop-logs (Fig. 8.14) can be set so that drainage 
water overflows at the desired pond level (Fig. 8.15). The 
set next to the screen can be arranged with an opening 
lower down in the water column to allow lower-level water 



Fig. 8.13 External monk outlet system. 

Key: a = screen; b = discharge pipe; c = monk; d = discharge channel. 
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Fig. 8.14 Details of a concrete monk in a Brazilian 
Macrobrachium pond. (Reproduced with permission of 
Julio Vicente Lombardi.) 


to be drained from the pond. This is particularly useful for 
removing excess nutrients. Stop-logs should be made from 
light, durable and water-resistant materials, typically using 
timber suitable for boat building. However, some twisting 
and warping may occur, and leakage between the boards is 
a common problem. Leakage can be reduced using a simple 
rubber or plastic flap attached to the lower edge of each 
board so that this covers the gap between it and the board 
below. For more long-lasting leakage control, mud or clay 
can be packed between the two sets of boards. Where this is 
used, a third set of boards on the open side of the monk may 
be used to control the level from which the pond drains. 
A brick bund can be an alternative to replace wooden gate 
boards. In this type of monk, drainage flow control is done 
by means of removable caps on the end of the drainage 
pipes (Fig. 8.16). 

Ideally, monks should be built in the early stages of the 
pond’s construction, and set on a secure foundation so that 


the structure does not move. Critical design and construc¬ 
tion aspects include attaching the exit pipe securely to the 
monk box, securing the pipe well through the pond bund, 
and preventing seepage around the pipe. In addition, the 
base of the pond around the monk and the sides of the bund 
may need to be strengthened with cobble or a light con¬ 
crete cover or wooden piling, to protect them from erosion 
caused by water flow or harvesting activities. The founda¬ 
tions of the monk are typically at least 0.3 to 0.5 m wider 
than the monk area, usually made of lightly reinforced con¬ 
crete on a bed of graded rock, or on simple wooden piles. A 
20 m 2 concrete foundation platform of 70 mm thickness is 
set below the ground level (as shown in Fig. 8.11a). This is 
also useful to avoid the deposition of mud around this area, 
and facilitates harvesting. Discharge pipes are typically 0.15 
to 0.3 m diameter concrete, PVC or ABS. Concrete pipes 
usually need to be jointed at several points through the 
bund width, while single lengths of plastic pipe may be fea¬ 
sible for smaller bunds. Joints need to be carefully made and 
the pipe particularly securely fixed at these points, to avoid 
shifting and subsequent leakage. The foundations are usu¬ 
ally extended below the outlet pipe, at least half of the pipe 
diameter in thickness (Wheaton 1977). Figure 8.17 shows 
a 0.35 m discharge pipe placed over a 0.18 m thick concrete 
base. 

To control seepage and avoid possible local erosion, metal 
or concrete anti-seep collars should be firmly placed along 
the pipes, perpendicular to the line of the pipe (Fig. 8.18). 
These should be at least 0.05 m wider than the pipe but 
preferably at least 50% greater than the pipe diameter, and 
more if the pond soils are loose and easily eroded. As the 
bund is built up around the pipe, soils should be well com¬ 
pacted around the collars and along the pipes. Once the 
whole pipe is covered, the rest of the bund may be built 
up, though care has to be taken in using machinery over 
the pipe area. Alternatively, the bund may be constructed 
normally, and then cut through to provide the route for 
the pipe. After placing the pipe, the soil removed from the 
bund should be replaced and well compacted. The success 
of this method depends on the type of soil and the care in 
construction. 

Sluice gate structures built through the lower pond bund 
can also be used for drainage. These are much larger and 
more expensive than monks for an equivalent size, and so 
are less commonly used. However, for very large ponds 
which require a substantial drainage flow, they may be a 
practical solution, as large monks with very large pipes, or 
multiple pipes may be just as expensive. Sluices are also far 
more accessible for cleaning and repair. 

For smaller ponds, a pipe outflow may be used to drain 
water. In its basic form, this is simply a pipe (typically 0.06- 
0.15 m diameter) run from the interior base of the pond, 
through the lower pond bund, with a cap or valve at the 
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Grooves 




Fig. 8.15 Function of accessories (stop-logs and screen) in a monk. 


outer end. As with the monk drain, the pipe should be fit¬ 
ted with one or more collars to restrict seepage. A common 
variant uses a 90 degree angle fitting on the outside, holding 
a vertical pipe extending up to the maximum intended level 
of the water inside the pond. This ‘swinging arm’ pipe can 
then be swivelled down to the required level, or dropped 
down completely to drain the pond. Both these systems 
need careful protection against leakage or accidental dam¬ 
age. Additional protection can be provided by connecting 
a vertical pipe on the inside of the pond. Sometimes, par¬ 
ticularly for small ponds, outlet structures may not be used 
at all; in these cases either a small pump with a simple net 
screen is set up with its intake at a suitable drainage point, 
or the outer bund is simply cut through to let the pond 
drain down. 

Where conventional outlets are used, a discharge chan¬ 
nel (Fig. 8.11b) takes the water to a level below the ponds. 
Immediately below the discharge pipe a brick, concrete or 
timber frame and board box can be constructed (Fig. 8.11c) 


to buffer the water impact force and prevent erosion in 
the discharge channel. In fish ponds, similar boxes may 
be placed inside the pond to collect fish during total har¬ 
vesting (Bard et al. 1974; Huet 1986). However, placing 
these boxes outside the pond is better for freshwater prawn 
harvesting. Such boxes are typically 1.0-2.0 m wide x 1.5— 
3.0 m long, depending on the size of the pond and the 
quantity of harvest stock to be held. The discharge chan¬ 
nel, usually dug into the site soils, would normally be set 
at a 0.1 to 0.5% slope (i.e. 0.1-0.5 m per 100 m) along its 
length. Topographic study (section 8.1.2) should indicate 
the best route for waste disposal, commonly downstream 
of the water supply. Channels dug in open soil need con¬ 
stant maintenance to de-silt, remove vegetation and repair 
surface erosion. Underground pipes can also be used, if di¬ 
mensioned according to the maximum system discharge, 
though provision should be made for access to flush out or 
scrape clean the pipe interior. Pipes of these dimensions, 
typically 1 m in diameter or more, can be expensive. 
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Fig. 8.16 Monk sluice gate in brick bund. 

Key: a = screen; b = discharge pipe; c = PVC pipes with 
caps to control flow rate; d = PVC pipes with caps to be 
used during emergency situations (flushing pond). 


8.3.6 Other features 

A number of other technical features may be incorporated 
into pond systems for Macrobrachium production, depend¬ 
ing on the management approach, the intensity of produc¬ 


tion and local environmental conditions. Some of the more 
common elements are described as follows: 


• Waste treatment in some cases enriched water and waste 
solids may need to be treated to prevent adverse effects 
on receiving waters, or to permit some or all of the pond 
water to be reused at various stages, pumped back for the 
same ponds or drained into other systems downstream. 
Solids removal is the main form of treatment, usually 
based on sedimentation, in settling ponds. Aeration may 
be used to increase oxygen levels, and algal growth in the 
settling ponds may help to remove nutrients. 

• Power supplies: where aerators are to be used, electrically 
driven pumps operated, overhead lighting installed, or 
for various items of field equipment, a power supply net¬ 
work may be required. Cables may be laid below surface, 
with suitable protection, or run overhead using power 
lines, ensuring that they are not at risk from damage. Live 
cables dropping into water can be extremely dangerous, 
and external lines should be protected if possible with an 
earth leakage circuit breaker. Sockets should be of suit¬ 
able external rating, or else placed in secure, waterproof 
housings. 

• Roadways and access paths: these need to be constructed 
in most farm systems, to allow for everyday operations, to 
move materials and to collect harvested stock. Depending 
on the soil characteristics, the road or pathways may need 
to be reinforced, either with simple piling, with a suitable 



Fig. 8.17 Discharge pipe on concrete base. 
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Anti-seep collar 



Fig. 8.18 Disposition of anti-seep collars along monk 
discharge pipe. 


depth of stones and cobbles or, in some cases, using a 
light concrete surface or a brick-lined road bed. Suitable 
drainage ditches will be needed to allow water to drain 
from the road surfaces. Simple bridges and culverts may 
also need to be constructed. 

• Feeding devices and storage facilities- simple tray feeders 
made from netting, wood, or plastic, typically 0.5 x 1.0m 
and placed every 10-20 m, are sufficient for most systems. 
Suitable provision needs to be made for the storage and 
efficient delivery of feeds to the pond side. 

• Aerators-, aeration is discussed in Chapter 13. 

• Integrated cropping, the integration of freshwater prawn 
culture and crop-livestock production is discussed in 
Chapter 11. 


8.3.7 Landscaping and site finishing 

At the end of the pond construction stage, grass should 
be planted on the bund free-board slopes and crests to 
avoid erosion. Pieces of turf are preferable to seeding, and 
can be transplanted from other areas in the farm or from 
neighbouring areas. The topsoil, which was scraped and set 
aside before pond construction, can be used as soil cover 
where grass is to be planted. Other areas of the site may 
need to be moved and shaped to redistribute surplus soils, 
to improve site drainage, prevent erosion, ensure effective 
lines of sight for security purposes or improve the visual 
quality of the site. In some cases, the planting of shrubs 
and trees may be required for visual protection or shelter. 
Fencing and erection of windbreaks may be required for 
site security purposes. Finally, the site should be cleared up 
and made safe and secure. 
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Grow-out Systems - Monoculture 

Wagner C. Valenti, Michael B. New, K.R. Salin and Jinyun Ye 


Freshwater prawns ( Macrobrachium rosenbergii) have been 
grown to market size in several types of monoculture sys¬ 
tems, in both commercial farms and research centres. They 
have also been grown in brackishwater, in cages and in pens 
but this species is normally monocultured in earthen ponds 
supplied with freshwater at a wide range of temperatures. 
This type of grow-out procedure forms the major subject 
covered in this chapter. 

The grow-out of M. rosenbergii in ponds has been de¬ 
scribed in detail in a number of practical manuals and 
included in various reviews (Chapter 1). This chapter sum¬ 
marises and updates the information on tropical and sub¬ 
tropical management systems found in those publications. 
Freshwater prawn grow-out management in temperate re¬ 
gions is covered in Chapter 10. 

9.1 Rearing systems 

Freshwater prawn monoculture may be extensive, semi- 
intensive or intensive. These systems differ according to 
the farm plan and the level of farmer intervention in 
the production process. According to the intensity of the 
system, productivity may range from below 0.5 t/ha/yr to 
more than 5 t/ha/yr. Wickins & Lee (2002) discussed the 
grow-out of crustaceans cultured in tropical climates at 
various levels of intensity and categorised the systems as 
extensive, semi-intensive, intensive and super-intensive. 
Although the words extensive, semi-intensive and intensive 
are frequently used in aquaculture, the meaning of these 
terms has been much confused, mainly because intensity 
categories cannot be defined precisely. Valenti (1998a) 
standardised each level of intensity for freshwater prawn 
culture, as described below. 

9.1.1 Levels of intensity 

9.1.1.1 Extensive culture 

Extensive culture of prawns occurs in ponds, in pens 
constructed in natural waters and in impounded areas built 


for other purposes, as for example, irrigation canals, reser¬ 
voirs and rice fields (paddies). Such systems are gener¬ 
ally stocked at low densities (1-4/m 2 ), using postlarvae 
(PL) or juveniles that are generally wild-caught. There is 
no control of water quality, nor the growth or mortal¬ 
ity of the prawns, and supplemental feeding is not nor¬ 
mally supplied. Prawns feed on natural food, but some¬ 
times the natural productivity is increased through the use 
of organic fertilisers or by-products are supplied as food. 
Prawns are exposed to predators, competitors and other 
environmental adversities. Usually, it is impossible to drain 
these bodies of water or to carry out seining; hence the 
harvesting process is difficult and inefficient. The inter¬ 
vention of the farmers is generally restricted to stocking 
and harvesting but may include the addition of animal 
and vegetable by-products as fertilisers or feed. Construc¬ 
tion and operating costs are very low and productivity 
is normally below 0.5 t/ha/yr. This level of intensity nor¬ 
mally has a low environmental impact and requires simple 
technology and minimal investment. It may be very suit¬ 
able for promoting social and economic benefits in certain 
places, such as Vietnam (Lin & Lee 1992; Phuong et al. 
2006; Son et al. 2007) and the Amazon, where the develop¬ 
ment of extensive prawn culture might favour the riverine 
population (Moraes-Riodades 1999; Moraes-Riodades & 
Valenti 1999). 

The extensive system of freshwater prawn culture is 
commonly practised in Asia, particularly in some of the 
top Macrobrachium producing countries, such as China 
(Weimin 2007), India (Nair & Salin 2006), Vietnam 
(Lin & Lee 1992; Phuong et al. 2006; Son et al. 2007) 
and Bangladesh (Asaduzzaman 2006a,b). Weimin (2007) 
reported that the low density culture of prawn (M. 
rosenbergii and M. nipponense ) in rice fields in China 
yields 300 to 450 kg/ha of prawns and improves the eco¬ 
nomic returns of traditional rice farmers. In India, ex¬ 
tensive systems are practised mainly in the waterlogged 
paddy fields in Kerala, and in West Bengal as a rota¬ 
tional crop often in polyculture with various carp species 
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(Nair & Salin 2006); yields range from 300 to 980 kg/ha 
(Sukumaran & Muthukumaran 2004; Kutty et al. 2009). 
Philips (2002) observed that in the Mekong delta 
(Vietnam) there were 2940 Macrobrachium ponds by 1999, 
which were typically 50 to 200 m 2 in area and stocked 
with 1 to 5 PL/m 2 and also 6730 ha of rice-prawn plots 
stocked with 1 to 2 PL/m 2 . In ponds, Macrobrachium were 
fed a mixture of rice bran, broken rice, fishmeal or trash 
fish, while no feed was provided in rice-prawn systems. In 
Bangladesh, M. rosenbergii is extensively farmed in ghers , 
which are enclosures made by building higher dikes around 
the rice field (Asaduzzaman et al. 2006a). Some farm¬ 
ers employ a mean stocking density of about 22 000/ha 
and achieve an average annual yield of about 400 kg/ha. 
Wild seed are stocked in these systems in both Vietnam 
and Bangladesh, although hatcheries have been developed. 
Commercial and experimental production of freshwater 
prawns in paddy fields has been accomplished in many 
other countries. Integrated culture is discussed in detail in 
Chapter 11. 

The use of pens or ‘fence culture’ (culture of wild- 
caught animals within barriers constructed of bamboo) 
in China (Wang & Qianhong 1999), India (N. Kutty, pers. 
comm. 1999) and Vietnam (Hien et al. 1998) has been 
reported. Pen culture in rivers and canals began to de¬ 
velop in the upstream provinces of the Mekong delta dur¬ 
ing the early 1990s (Son et al. 2005). The pens are made 
of bamboo, wood and nylon net and vary from 35 to 
900 m 2 . They are provided with bunches of trees as sub¬ 
strates; generally they are stocked with wild seed in high 
densities (40-80/m 2 ) and prawns were fed with farm-made 
feed, using locally available natural food items as ingredi¬ 
ents (Tan 2001; Son et al. 2005). Although they are typ¬ 
ically built and operated as an extensive system, mean 
productivity reaches 5.2 t/ha/yr in southern Vietnam (Son 
et al. 2005). 


9.1.1.2 Semi-intensive culture 

Semi-intensive culture is carried out in earthen ponds us¬ 
ing a number of management approaches. The location 
and construction of such ponds is described in Chap¬ 
ter 8. Stocking is accomplished with PL or juveniles up 
to three months old, in densities which vary from 4 to 
20/m 2 . Fertilisation and supplemental feeds are applied. 
Feed, comprised of a compounded ration (Chapter 12), is 
supplied daily. Predators and competitors are controlled 
and water quality, prawn health and growth rate are mon¬ 
itored. Construction and operating costs and productiv¬ 
ity are quite variable, according to the place and level 
of technology used. Yields generally vary from 0.5 to 
5 t/ha/yr. 


Prawns have been semi-intensively farmed throughout 
the world under a wide range of environmental condi¬ 
tions and management strategies, which take advantage 
of the natural potential of the location and the available 
technology (Valenti 1998a). The main production system 
for giant river prawns in India is semi-intensive mono¬ 
culture in small to medium-sized earthen ponds (Nair 
& Salin 2006). Semi-intensive monoculture is also the 
dominant system of freshwater prawn culture in Thai¬ 
land, where most farmers stock less than 20 juveniles/m 2 
and produce 2.3 to 2.5 t/ha/yr (Schwantes 2007; Schwantes 
et al. 2007a,b). 

Normally, flow-through systems are used in semi- 
intensive culture but recycling systems have recently been 
suggested. Experimental work by Yi et al. (2006) indi¬ 
cated that the survival, yield and feed conversion ra¬ 
tio (FCR) of prawns stocked at 19/m 2 was better in a 
closed aeration system followed by an integrated recy¬ 
cling system, than in a flow-through system. Following a 
theoretical simulation survey, Schwantes (2007) believed 
that recycling systems would be promising in Thailand 
because they isolate production from the environment 
and enable the integration of organisms. Closed aeration 
and integrated recycling systems, if practicable, would be 
more environmentally friendly than open water exchange 
systems. 

Most aquaculture technicians consider the management 
of semi-intensive ponds very simple and fail to explore 
its full potential. However, this form of culture exhibits 
a high degree of biological complexity, as is discussed 
in section 9.1.2. Semi-intensive freshwater prawn culture 
has been the most commonly used system throughout 
the world. This chapter therefore focuses mainly on this 
system. 


9.1.1.3 Intensive culture 

Intensive systems include culture in small earth or concrete 
ponds (up to 0.2 ha), provided with high water exchange 
and continuous aeration. Ponds are stocked with juveniles 
in densities above 20/m 2 . Production is totally reliant on 
the aquafeed presented. Natural feeding is negligible and 
the animals require an artificial feed that supplies all the 
nutritional requirements of the prawns. Predators and com¬ 
petitors are eliminated and all water parameters are strictly 
controlled. Construction and maintenance costs are always 
high and the productivity exceeds 5 t/ha/yr from 2 to 3 cy¬ 
cles per year. 

New & Valenti (2000) did consider that this system 
was very compatible with the biological characteristics 
of M. rosenbergii , particularly its social behaviour and 
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heterogeneous growth (Chapter 16). However, some in¬ 
teresting results have recently been obtained. In China, it 
is common practice to stock ponds with PL at 120/m 2 or 
juveniles at 45/m 2 ; yields in subtropical areas are reported 
to vary from 4.5 to 6 t/ha/yr of 9 g prawns from one an¬ 
nual cycle, or to exceed 11 t/ha/yr in 2 annual cycles in 
tropical sites. The production of such small prawns is an 
inevitable result of such high stocking densities. In this 
case it is a response to market demand, since Chinese con¬ 
sumers are accustomed to the small size of their indigenous 
species, the Chinese river prawn ( Macrobrachium nippo- 
nense). In addition, it has been found that, using grow- 
out technology derived from that developed for temperate 
zones, in a tropical area, 3 crops of 2 to 2.5 t/ha is possible 
and productivity may attain at least 7 t/ha/yr (Valenti 2002; 
Valenti & Moraes-Riodades 2004). Considering that China 
is the largest producing country it seems that a substan¬ 
tial portion of M. rosenbergii is currently (2008) produced 
intensively. 

Some experimental or small-scale intensive culture car¬ 
ried out indoors or in small tanks has also been re¬ 
ported. Sagi et al. (1986) described experimental male 
monosex intensive culture performed in cages in Israel. 
These authors estimated that productivity might reach 
more than 12 t/ha/yr under these conditions. Sebastian 
et al. (1992) described experimental intensive culture in 
India that was carried out in circular concrete tanks 
with conical bottoms, but productivity did not exceed 
3.5 t/ha/yr. Currently, indoor running water culture is prac¬ 
tised in some areas of China, although their contribu¬ 
tion to the total cultured prawn production is limited 
(Weimin 2007). 

Intensive culture may also be performed in net cages 
within reservoirs, rivers and lakes. Experimental culture of 
freshwater prawns in cages has been reported in Thailand 
(Menasveta & Piyatiratitivokul 1982; New & Singholka 
1985) and Brazil (Marques et al. 1998; Mendes et al. 1998). 
In each case, 2 to 6 m 2 nylon cages were used, suspended 
in irrigation ditches or grow-out ponds. Results suggested 
that there was great potential for using this system to pro¬ 
duce juveniles and a high biomass of small prawns (—10 g). 
Cuvin-Aralar et al. (2007) conducted an experimental cage 
culture of M. rosenbergii in a lake in the Philippines for 
5 months and obtained high annual yields ranging from 
0.45 to 1.09 kg/m 2 of actual cage area, using stocking den¬ 
sities of 15, 30, 60 and 90 juveniles/m 2 of cage bottom. 
The grow-out of freshwater prawns in cages in China has 
been noted by Wang & Qianhong (1999). Practised in 
15 to 20 m 2 cages situated within lakes, this system was 
said to yield 1.0 to 1.5 kg/m 2 from a 4-stage (increas¬ 
ing mesh sizes) management system (M. Weimin, pers. 
comm. 1999). However, Liu et al. (2007) warned that the 
cage culture in reservoirs or deep lakes may cause aquatic 


eutrophication and thus would have limited development 
in the future. 


9.1.2 The ecosystem 

A detailed discussion of the general principles of freshwater 
pond ecology has been provided by Delince (1992) and 
Boyd & Tucker (1998). Valenti (1995, 1998a) described the 
specific features of the freshwater prawn pond ecosystem, 
which are summarised in this section. 

Earthen prawn ponds are complex and unique, but 
resemble other aquatic ecosystems. Dynamic ponds use 
continuous water exchange and show characteristics in¬ 
termediate between natural lentic (static water) and lotic 
(moving water) aquatic environments. Static ponds only 
replace seepage and evaporation losses, without water ex¬ 
change; these only demonstrate lentic characteristics. 

Grow-out ponds are ecosystems at the first stages of het- 
erotrophic ecological succession. When an earthen pond 
is filled, a process of ecological succession begins. This 
process can be heterotrophic or autotrophic, according to 
the amount of available organic matter at the beginning 
(Odum & Barrett 2007). Succession is autotrophic when 
light is the main source of energy to induce the develop¬ 
ment of the biotic community. In contrast, the succession 
is heterotrophic when the event begins in an environment 
rich in organic matter and organic detritus is the primary 
source of energy. Freshwater prawn ponds generally receive 
an application of organic fertiliser before filling with water, 
which acts as a source of energy for the establishment of ini¬ 
tial serai stages (biotic communities). Thus, the succession 
is typically heterotrophic; detrital food chains and decom¬ 
position processes are predominant. Organic fertilisation, 
feed applied by the farmer, and organic residues carried by 
the intake water provide the energy to maintain the process 
throughout the grow-out cycle. 

The basic natural factors that affect the pond ecosystem 
and control its development are the climate (temperature, 
light, wind and precipitation), the soil from which the pond 
was constructed, and the chemical and biological character¬ 
istics of the intake water. Other factors are introduced and 
controlled by the pond operator, namely feed, fertilisers, 
water exchange and stocking. 

The succession in limnic ecosystems is a slow process 
and, therefore, grow-out ponds are ecosystems in the initial 
stage of development. Hence, the biotic communities that 
occur in the ponds are always initial serai stages, consti¬ 
tuted by pioneer species. The main characteristics of these 
communities, which consist of species with a short life cycle 
(r-strategists or opportunistic species), are high production, 
elementary biogeochemical cycles, low capacity to conserve 
nutrients and other minerals, and low biotic diversity. These 
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Fig. 9.1 Main energy inputs and outputs in 
a typical semi-intensive freshwater prawn 
monoculture pond. Note: aerators, which 
are used in high-technology semi-intensive 
systems, are not shown. 


are species with exponential growth curves, which can settle 
and disappear quickly from the ecosystem. Knowledge of 
these attributes is important for the proper understanding 
and management of ponds. 

Figure 9.1 summarises the energy inputs and outputs of 
prawn ponds. Solar energy mainly controls photosynthesis 
and water temperature, which directly affects the metabolic 
rate of the organisms present. Wind promotes the circu¬ 
lation of the mass of water, preventing stratification, in¬ 
creasing gas exchange with the atmosphere and returning 
nutrients deposited on the bottom to the water column. 
Organic detritus originates from the intake water and the 
air (dust, leaves, etc.). The immigrant organisms are repre¬ 
sented mainly by phytoplankton and zooplankton, fish and 
insects. These reach the ponds carried by the intake water as 
cysts, eggs, larvae, juveniles and some adults. They are also 
dispersed through adherence to the bodies of aquatic birds, 
and to nets and other equipment, or as the eggs of terres¬ 
trial or flying animals with aquatic larvae, mainly insects. 
Fertilisers, artificial feeds and prawns are introduced by the 
farmer and their characteristics are discussed in other chap¬ 
ters of this book. Detritus is removed by drainage, which 
also transports live organisms. Emigration from ponds also 
occurs through animals that change to the terrestrial or 
flying adult phase, mainly insects. 

The accumulation of a product in an open system, such 
as a pond, can be represented by the mass balance equation 
(Piedrahita et al. 1984): 

Accumulation = Input - Outputs + Transformations 

Thus, energy and materials accumulate inside the pond 
in two forms: as the biomass of living organisms, and as 
detritus (which may be suspended in the water column or 
deposited on the bottom). The objective of farming is to 
accumulate the energy and nutrients in the prawn biomass; 
this process occurs through biochemical transformations 
(metabolism), which result in growth. 

A simplified food web for freshwater prawn grow-out 
ponds is presented in Figure 9.2. The detritus category also 
includes the feed and organic fertilisers provided by the 


farmer. Fish are either casual organisms or are introduced 
by the farmer at a very low density merely to assist in the 
maintenance of water quality. The top consumers consist 
of adult prawns, fish and other eventually large predators. 
Detrital food chains are much more important than grazing 
food chains in freshwater prawn culture because they play a 
major role in prawn feeding. Prawns can occupy the second, 
third or fourth trophic level and their main autochthonous 
food is benthic organisms (Valenti 1990). When prawns 
consume aquafeed, they are in the second trophic level. 
Prawns can only access the constituents of grazing food 
chains after the latter have died and been incorporated into 
the detritus category of the food web. 

Solar energy, wind and the addition of chemical fertilisers 
affect phytoplankton and therefore enter into the grazing 
food chain, only indirectly affecting the prawns. In con¬ 
trast, organic fertilisers are incorporated into the detritus 
food chain and have a direct effect on the prawns. Thus, in¬ 
terventions in the system by the farmer that aim to increase 
productivity are more effective if they are addressed to the 
detrital food chain and the development of the benthic 
community. 

Figure 9.3 illustrates the main material inputs and 
outputs of the pond ecosystem. In dynamic ponds, a 
pronounced import and export of materials with the 
adjacent environment generally occurs, because of water 
exchange. Figure 9.4 presents a simplified diagram of the 
cycling of materials, including nutrients and other minerals, 
in the various compartments. The importance of benthic 
elements for prawns is evident. 

The biotic community of the ponds is divided into spatial 
or functional strata, such as zooplankton, phytoplankton, 
nekton, neuston and benthos. Each plays an important role 
in the function of the system. However, the phytoplankton 
and benthic strata deserve special attention in freshwater 
prawn culture. 

The importance of phytoplankton is related to the 
metabolic control of the community, particularly dissolved 
oxygen (DO 2 ), pH and water transparency. The concen¬ 
tration of D0 2 and the pH results in a balance between 
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Fig. 9.2 Simplified food web in semi-intensive freshwater prawn monoculture ponds. Notes: wide arrows indicate the 
intensity of energy flow. Fish are casual or sanitary organisms; hence nekton compartments are shown in dotted 
boxes. 


photosynthesis and respiration. Thus, these parameters are 
extremely influenced by phytoplankton and they exhibit a 
spatial and temporal stratification in the freshwater prawn 
ponds (Valenti 1989; Faria 1994; Moraes-Riodades et al. 
2006; Kepeller & Valenti 2006). The diurnal variation of 
these two parameters was studied in generic aquaculture 
ponds through mathematical models by Piedrahita et al. 
(1984). This analysis revealed that when the phytoplankton 
level is very high, DO 2 can reach 14 mg/L in the afternoon 
and drop to close to zero at daybreak. 

The benthic stratum is the most important feature of 
the pond ecosystem because the prawns, their natural food, 
and their competitors and predators are in close proximity. 
There is strong evidence that prawns depend fundamentally 


on food of autochthonous origin for essential micronutri¬ 
ents (Stahl 1979; Schroeder 1983; Valenti 1990). In addition, 
benthic organisms play an essential role in the processes 
of organic matter decomposition. Therefore, prawn pond 
management mainly concerns the benthic community and 
detrital food chains. 

Ecosystems exhibit mechanisms of internal control 
which maintain homoeostasis. The stability of resistance 
is the capacity of an ecosystem to resist external perturba¬ 
tions and maintain its structure and operation intact, while 
the stability of resilience is the capacity of restoration af¬ 
ter being perturbed (Odum & Barrett 2007). As ponds are 
ecosystems in the first developmental stages, they have low 
stability of resistance because the mechanisms of feedback 
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Fig. 9.4 Cycling of materials in semi-intensive freshwater prawn monoculture ponds, presented in a simplified way. 


and substitution are still imperfect. However, they have a 
high stability of resilience. This means that grow-out ponds 
are quite susceptible to perturbations, which can easily alter 
their structure and operation, but they have a great capacity 
for recovery. 

9.1.3 Farming strategies 

Semi-intensive freshwater prawn grow-out in ponds is man¬ 
aged by a ‘continuous’ or ‘batch’ process, or a combination 
of both (combined system) (New 2002). Valenti (1995) pre¬ 
sented a comprehensive analysis of the effects of these three 
management systems on the pond ecosystem, and their im¬ 
plications for prawn farming. 

The continuous system is characterised by regular post- 
larval stocking and the culling (selective harvesting) of 
market-sized prawns. Ponds are not drained and the eco¬ 
logical succession process has time to develop. Hence, 
more developed serai stages (biotic communities) are es¬ 
tablished, which contain more prawn predators and com¬ 
petitors (Valenti 1995, 1998a). In addition, incomplete (in¬ 
efficient) seine harvesting allows remaining large dominant 
prawns to impact on newly stocked PL, resulting in a lower 
mean growth rate. The continuous system was developed 
in Hawaii in the 1970s (Fujimura 1974) and was also intro¬ 
duced into other countries, including Brazil (Valenti 1993), 
the French Overseas Territories (Lacroix & Gondouin 
1992), Taiwan and Thailand (New & Singholka 1985) dur¬ 
ing the 1980s. At that time, the problems of this form of 
management that have been cited above were not known. 


The productivity of ponds operated under this system 
tended to decline with time when ponds were not drained. 
This resulted in the failure of the Hawaiian prawn farm¬ 
ing industry (Malecha 1988) and most Brazilian farms that 
used this system. It is perhaps fortunate that seasonal prob¬ 
lems with water availability caused the strictly continuous 
method of pond management to become mainly discarded 
in Thailand. In India, it was observed that the periodic re¬ 
moval of fast growing prawns served to make maximum 
utilisation of the carrying capacity of culture ponds and 
facilitated marketing, but continuous culture systems often 
led to problems related to water quality and diseases (New 
et al. 2008). A prolonged culture period with minimum 
water exchange, because of seasonal shortages of ground or 
canal water, resulted in poor yields during the early stages 
of the development of freshwater prawn farming in India. 

The batch culture system consists of stocking each pond 
once, allowing the animals to grow until the medium mar¬ 
ket size is achieved, and then totally draining and har¬ 
vesting it. This management system interrupts the ecolog¬ 
ical succession process before each subsequent stocking. 
Consequently, the diversity and population density of 
prawn predators and competitors is diminished. Further¬ 
more, negative intraspecific interactions are much reduced 
because the dominant prawns are absent at the time of 
stocking. 

The combined system manages both the pond ecological 
succession and the heterogeneous growth of the prawns. 
Ponds are stocked and cull harvests start when the first 
prawns attain market size. These precocious prawns are 
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taken out and sold while small ones remain in the ponds for 
further growth. There is no re-stocking and, after some time 
(generally 6-12 months after stocking), ponds are drained 
and all prawns harvested. This system is principally used in 
China, India and Thailand. In China, culling starts about 
3 months after stocking, when prawns attain 12 to 17 g. 
Two to four selective harvests are performed each 7 to 20 
days before the drain harvest. In India, continuous culture 
has given way to the combined system; at least two cull 
harvests are made before the final drain harvest after eight 
months (Nair & Salin 2006). In Thailand, Schwantes et al. 
(2007b) found that the most common strategy was the 
combined system, with culling of the largest market-sized 
individuals every 30 to 45 days; the full cycle is typically 8 to 
13 months, after which ponds are drained. lose etal. (2007) 
showed that the combined system increases productivity 
and harvested prawn size and decreases the proportion of 
prawns too small to market. 

General farming strategies used in the western hemi¬ 
sphere are detailed in Valenti & Tidwell (2006). In subtrop¬ 
ical regions, batch or combined systems are used and one or 
two cycles per year are feasible. Production is not achievable 
year-round and marketing strategies are needed to address 
prawns as a seasonal product. In tropical regions, stocking 
and harvesting can be performed at any time and therefore 
two or three cycles per year are feasible using either the 
batch or the combined system. Continuous culture is no 
longer a common practice. 

A multi-phase strategy has been described that includes 
the use of nursery and intermediate grow-out ponds. These 
ponds are culled or totally harvested, prawns are graded 
by size and each homogeneous population is re-stocked. 
The process of ‘stock and harvest’ may be scheduled in 
several ways. However, if ponds are operated for a long 
time without draining, problems with competitors, preda¬ 
tors and growth inhibition caused by the presence of large 
prawns will certainly occur. Malecha (1983,1988) described 
a multi-phase strategy developed in Hawaii, while McGee 
(1991) described a schedule used in Puerto Rico, and a more 
complex management regime was developed in Puerto Rico 
involving three phases (Chapter 7). No reports of this strat¬ 
egy being used elsewhere have been reported. 


9.1.4 Farm design 

The semi-intensive batch system can be implemented in 
several ways, according to the level of technology employed 
and quantity of inputs (Valenti 1996, 1998a). 

In low-technology semi-intensive systems (low input sys¬ 
tems) the rearing ponds are stocked with newly metamor¬ 
phosed PL (direct stocking) at low densities varying from 
4 to 10/m 2 . A simple low-cost feed is applied and water 


quality control is minimal. Only one production cycle per 
year is achieved and productivity varies between 0.5 and 
1.5 t/ha/yr. 

The medium-technology semi-intensive system 
(medium input system) consists of rearing newly meta¬ 
morphosed PL in nursery tanks (or ponds) and stocking 
the grow-out ponds with juveniles at low densities varying 
from 4 to 10/m 2 . A water-stable compound feed is applied 
and water quality control is more effective. Two cycles 
of production per year can be achieved and productivity 
ranges from 1.5 to 2.5 t/ha/yr. 

In the high-technology semi-intensive system (high in¬ 
put system), prawns undergo a two-phase nursery stage 
before being stocked into grow-out ponds as juveniles at a 
higher density varying from 12 to 20/m 2 . Feed management 
is rigorous; a well-balanced and water-stable aquafeed must 
be used. Artificial aeration is utilised, and water quality is 
carefully controlled, with regular monitoring of the main 
parameters (water transparency, temperature, DOi, pH and 
ammonia, as a minimum). New technologies that improve 
productivity, such as grading juveniles and using artificial 
substrates (Chapter 10) maybe used. Three production cy¬ 
cles per year can be achieved in tropical regions and two 
in sub-tropical. Productivity normally varies between 2.5 
and 4.5 t/ha/yr, and may attain 5 t/ha/yr. Borba et al. (1993) 
described a farm using this system in Brazil in which the 
annual mean productivity of 110 ponds (0.5 ha each) varied 
between 3.0 and 4.1 t/ha/yr over a period of 5 years. 

According to Valenti (1998a), none of the three semi- 
intensive technological levels presented is necessarily supe¬ 
rior. The choice depends on resources, including climatic 
conditions, water availability, feed availability, labour capa¬ 
bility and the level of investment available. 


9.2 Operation 

Grow-out ponds are operated according to the culture 
strategy and level of technology adopted. These include: 
pond preparation; transport of PL and/or juveniles; feed¬ 
ing; the monitoring of water quality, feed consumption, 
and the growth and health of prawns; harvesting; and pre¬ 
processing. Generally, unskilled labourers do these tasks un¬ 
der the supervision of a competent off-site or on-site tech¬ 
nician. Small low-technology farms are frequently operated 
by family labour, while large or high-technology farms need 
a specialised on-site manager. If the low-technology system 
is used, one labourer is able to take care of 1 to 2 ha of 
ponds, except during harvesting (New & Singholka 1985). 
However, for high-technology farms, twice as many staff is 
necessary for the same unit area. 

Most papers published specifically on pond management 
and operation focus on temperate regions, mainly Israel 
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and continental USA. This information is presented in 
Chapter 10. Scientific papers on tropical and sub-tropical 
M. rosenbergii farming have frequently been published in 
local journals or in proceedings of local meetings and in 
local languages. Hence, this information has limited avail¬ 
ability for an international audience. The exceptions are the 
papers on Hawaiian continuous culture which were pub¬ 
lished during the 1970s and early 1980s and some Indian 
contributions to international journals that have been pub¬ 
lished in the past few years. 

A system of management was described by Fujimura 
(1974) and updated by Malecha (1983), who included a 
good review of the literature. According to Griessinger et al. 
(1991), continuous systems were introduced into the French 
Antilles in 1983 and French Guiana in 1985, whereas dis¬ 
continuous systems, based on artisanal Thai or intensive 
Taiwanese systems, were more common in French Polyne¬ 
sia, as well as in Israel and in the southern states of the USA. 
The continuous system was introduced into many other 
tropical areas, often through the continuing influence of 
Takuji Fujimura and those who were trained by him. How¬ 
ever, Malecha (1988) demonstrated that continuous culture 
was not suitable for a profitable industry. 

New (2002) suggested that in view of the experience 
gained in the 20 years since the original FAO man¬ 
ual on freshwater prawn farming was published (New & 
Singholka 1982), the long-term continuous management 
system should no longer be recommended. 

This section of our chapter will therefore concentrate 
mainly on pond operation for farms using batch and com¬ 
bined strategies of culture (as defined in section 9.1.3). 

9.2.1 Stocking 

Parameswaran et al. (1992) described the preparation of 
ponds before stocking in Mauritius; similar management 
strategy is employed throughout the world. Ponds are 
drained to remove all predators and competitors, and de- 
silted and dried. Water inlets and outlets are provided with 
suitable mesh screens to prevent the entry of unwanted 
animals and the escape of prawns. Pond bottom prepara¬ 
tion before filling is discussed in Chapter 13. Commonly, 
it comprises scraping to remove excess bottom detritus, as 
well as the application of lime and manure according to the 
characteristics of the soil and intake water. Sometimes the 
pond is disinfected with quicklime or tea-seed cake. After 
that procedure, ponds are filled and stocked with PL or ju¬ 
veniles, according to the culture strategy and farm design. 
In China, the water level is kept at 50 to 70 cm at stock¬ 
ing; after 15 days the level is slowly increased during the 
following month to 1 to 1.5 m. 

Survival of PL during transport depends mainly on DCT, 
temperature, PL density and travelling time. Air or oxygen is 


normally added to each bag before the journey commences 
and diffuses into the water during transport. The DCb level 
diminishes with time and animals may become stressed 
if critical levels are attained. Low temperatures are desir¬ 
able for successful transport because they decrease prawn 
metabolism and, as a result, the consumption of oxygen 
and liberation of ammonia and carbon dioxide are min¬ 
imised. Water temperatures of 19 to 20°C are recommended 
(Smith&Wannamaker 1983;Zimmermann 1998). The am¬ 
bient temperature may be reduced by placing ice near the 
containers during transport (New 2002). In India, it is cur¬ 
rently (2008) common to cool the water temperature to 
at least 5°C below ambient, using crushed ice secured in 
polyethylene bags kept floating in the container. Then PL 
are directly packed into the chilled water without acclima¬ 
tion. Consequential survival rates vary and this method is 
not recommended; however, it is often used because of con¬ 
venience and the decreased prices being obtained for seed 
in India. 

Long journeys and high packing densities decrease prawn 
survival rates. Experiments performed by Alias & Siraj 
(1988) and Vadhyar et al. (1992) suggested that it is pos¬ 
sible to pack up to 300PL/L for 12-hour journeys and 
maintain survival close to 90%. For journeys of 24 to 36 
hours, survival rates decrease (Alias & Siraj 1988). Smith & 
Wannamaker (1983) performed several experiments on 
the transport of M. rosenbergii. The results indicated that 
PL could be transported in polyethylene boxes, in den¬ 
sities lower than 180PL/L for 48 hours with 90% sur¬ 
vival. According to these authors, the use of brackishwater 
(2-8p.p.t.) or added substrates is not beneficial. On the 
other hand, data obtained by Alias 8t Siraj (1988) suggested 
that substrates may increase survival in 18-hour journeys, 
even at such low packing densities as 100PL/L. Experi¬ 
ments focusing on the transport of PL from hatchery to 
nursery were reviewed by New (1990, 1995). Generally, PL 
are transported in plastic bags containing one-third wa¬ 
ter and two-thirds air or oxygen, inserted into insulated 
Styrofoam™ boxes. According to New (2002), packing 
densities of 250 to 400 PL/L (of water) permit the trans¬ 
port of animals for up to 16 hours. Personal experience 
of one of the authors of this chapter has shown that aer¬ 
ated containers containing about 750 PL/L maybe used for 
short journeys (up to 1 h). Hatchery managers base their 
decisions on transport density by balancing the demands 
of distance, acceptable survival rates, larval quality and 
cost. 

The transport of juveniles within small, medium- 
technology farms normally occurs in polyethylene or metal 
containers. Large farms may use truck-based aerated trans¬ 
port tanks. According to Zimmermann (1998), juveniles 
(1.5 g) are transported in Brazil from the hatchery to the 
farm in 200 L aerated polyethylene vats, packed at 10/L for 
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12 hours or at 5/L for up to 36 hours. Palm leaves are added 
as substrate in order to decrease stress. 

Medium- and high-technology farms, and some exten¬ 
sive ones, stock juveniles in grow-out ponds instead of 
PL. Normally, juveniles are produced in on-farm nurseries. 
However, they may also be purchased from other farms 
or hatcheries or specialised nurseries, as has been reported 
to occur in India (New et al. 2008). Wild-caught juveniles 
are often used for stocking purposes in some countries, 
for example in Bangladesh (Asaduzzaman et al. 2006a,b; 

2007) , in Vietnam (Son etal. 2005) and occasionally in India 
(Chapter 17). Hatchery-produced seed in Bangladesh are 
reported to grow more slowly than naturally collected seed 
(Shah et al. 2007). Experiments carried out in temperate 
regions have demonstrated that grading juveniles by size 
increases productivity (Chapter 10), while in tropical areas, 
especially India (Nair & Salin 2005; Nair et al 2006) and 
recently in Bangladesh, stocking all male monosex juve¬ 
niles have been shown to be productive and profitable (see 
section 9.5). Malecha (1988) pointed out that it is more 
profitable to discard stunted juveniles and to use only the 
fast-growing fraction of the population to stock grow-out 
ponds. The effects of size-grading juveniles on production 
and profit still need to be better investigated in tropical 
regions. 

In China, juveniles are produced either in 20 to 100 m 2 
concrete tanks, in 100 to 300 m 2 earthen ponds or in 100 
to 200 m 2 pens in the corner of grow-out ponds. They are 
provided with aquatic plants or bamboo leaves as substrate 
and stocked at 3000 to 6000 PL/m 2 for 1 to 2 months. 

In India, earthen nursery ponds ranging from 0.01 to 
0.4 ha are stocked at 20 to 25 PL/m 2 for 45 to 60 days, 
obtaining survival rates of 70 to 80% and juveniles of 3 
to 5 g (New et al. 2008). Haribabu (2005) reported higher 
nursery stocking densities of 25 to 50/m 2 for approximately 
45 days producing 0.1 to 3.0 g juveniles. About 10 to 30% 
of the total grow-out area is usually allocated for nursery 
ponds; it is demarcated by net fencing or earthen embank¬ 
ments at one corner of the grow-out pond, or placed out¬ 
side the grow-out pond area. Folded coconut leaves are 
placed in the nursery ponds as substrates and shelters. In 
the West Godavari, India, juveniles constitute a parallel sup¬ 
ply chain besides hatcheries. Nursery rearing for 2 months 
fetches a value addition of up to 400 to 500% (New et al. 

2008) . 

In Bangladesh prawns are nursed in outdoor hapa-nets 
and indoor cement cisterns (Alam & Mazid 2007). Ny¬ 
lon hapa-nets are stocked at 100 to 300 PL/m 2 and, after 
45 days, juveniles of 47 to 48 mm are obtained with survival 
rates of 84 to 88%. Nursing in cement cisterns (2 m 3 ) that 
are stocked at 1000 to 1200/m 2 yield 0.8 to 0.9 g juveniles 
in 42 days with survival rates of 66 to 75%. 


Valenti (1995, 1996) recommended that ponds should 
be stocked as soon as possible after they are filled with 
water to avoid colonisation by competitors and predators. 
Experiments performed by Cavalcanti & Rodrigues (1998) 
corroborate this strategy. These authors stocked pens situ¬ 
ated within ponds with a high density of PL (78/m 2 ). It was 
observed that PL stocked 30 days after ponds were filled re¬ 
sulted in a mean survival rate of 33% after 2 months, while 
those stocked in similar ponds 7 days after filling showed 
a mean survival rate of 66%. This result was very close to 
the survival obtained in pens that were covered by a screen 
to avoid the entrance of insects and stocked 30 days after 
filling. In China, PL or juveniles are stocked 7 to 10 days 
after pond disinfection. 

The acclimation of PL or juveniles to the temperature and 
pH of the pond water is important to avoid stress or death. 
Thermal and pH shock may cause severe mortality. Con¬ 
tainers (bags or boxes) are floated in the pond for 15 to 20 
minutes to equalise temperature (New 2002; Zimmermann 
1998). Valenti (1996) recommended a slow exchange of 
water between the containers and the pond until the dif¬ 
ferences become less than 1°C and 0.5 pH units, following 
which prawns are released into the pond. On the other hand, 
differences in temperature of up to 2°C are accepted by Chi¬ 
nese farmers. Sarver et al. (1982) suggested acclimating PL 
to pond pH while still in the hatchery. 

Stocking density in grow-out ponds varies according to 
the farm design (see section 9.1.4). Traditionally, a density 
of 5 to 20 PL/m 2 is used in tropical and sub-tropical ar¬ 
eas. However, some farmers have increased stocking density 
during the current decade, while others use lower densities. 
In China, ponds have been stocked with 90 to 120 PL/m 2 or 
30 to 45 juveniles/m 2 but this results in very small prawns 
at harvest (see section 9.1.1.3) and is therefore only ap¬ 
propriate where there is a market for such a product. In 
Thailand, about 70% of farmers stock less than 20/m 2 , but 
densities of 40 to 70/m 2 are frequent (Schwantes 2007). 
In India, a much lower stocking density of 2 to 5/m 2 is 
commonly used (Haribabu 2005; Nair & Salin 2006), while 
4 to 10 PL or juveniles/m 2 are used in Brazil (Valenti & 
Moraes-Riodades 2004). In Bangladesh, ghers are stocked 
at 1/m 2 (Chowdhury et al. 2007), whereas in the alter¬ 
nate rice-prawn culture systems of Vietnam, stocking rate 
varies from 3 to 12/m 2 (Phuong etal. 2006). In pen culture 
in South Vietnam, about 60 juveniles/m 2 are stocked (Son 
et al. 2005). Density has a major effect on prawn growth 
and a minor effect on survival (Valenti 1989). Normally, 
high stocking density is associated with a large production 
of small prawns while low stocking densities leads to the 
production of large prawns with low productivity. Results 
obtained in a sub-tropical zone by Willis & Berrigan (1977) 
clearly demonstrated this observation. 
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9.2.2 Monitoring 

The correct monitoring of various characteristics of the 
ponds enables farm operators to detect problems before 
they prejudice production. It is important to regularly check 
pond structures, water flow, the presence of weeds, water 
quality, feed consumption and the growth and health of 
prawns, for example. The frequency and accuracy of mon¬ 
itoring depends on farm design. 

Valenti (1996) and Zimmermann (1998) recommended 
a periodic inspection of all physical pond structures. These 
inspections include mechanical filters, bunds, inlet and out¬ 
let channels and pipes, and monks and screens. The flow 
and level of water need to be checked daily and corrected 
if necessary. Any decrease in water level diminishes the ef¬ 
fective area available to the prawns because the bunds are 
sloping. Generally the water column in ponds is maintained 
at 0.8 to 1.0 m deep, but in China ponds tend to be 1.0 to 
1.5 m deep; in pens in Vietnam the water depth varies from 
2.7 to 3.3 m (Son et al. 2005). On the other hand, satis¬ 
factory results were obtained by Mendes & Marins (1995) 
in experimental earthen ponds that were only 0.3 to 0.4 m 
deep. Problems with temperature variation were not ob¬ 
served because the experiment was performed in a region 
where the diurnal variation is minimal; however, there was 
a high development of algal growth. 

Weeds may colonise shallow areas of the pond bottom 
and bunds as a consequence of the ecological succession 
process. As they are pioneer species (r-strategists), their 
growth may rapidly fill a significant part of the pond. In ad¬ 
dition, vegetation established along the pond banks to min¬ 
imise erosion may grow excessively and colonise the inner 
portion of the pond bund. Submerged plants provide food 
and shelter for prawns, but prevent efficient harvests (New 
2002). In addition, they retain sediment and die rapidly, 
which reduces water quality and provides conditions which 
favour the development of rooted plants (Valenti 1996). 
Floating weeds greatly increase the loss of water by evapo- 
transpiration. Valenti (1996) recommended the continuous 
monitoring and control of weeds. This task is very time and 
labour consuming, but it can be diminished if the pond has 
been well constructed and is well managed. This implies 
the construction of ponds without shallow areas, avoiding 
long periods when ponds are empty or have low water lev¬ 
els, maintaining an adequate phytoplankton population to 
shade the bottom of the ponds, and cutting the vegetation 
on emergence. Zimmermann (1998) presented some chem¬ 
ical and biological means of controlling weeds in freshwa¬ 
ter prawn ponds using herbicides and herbivorous fish in 
low densities. Managing excessive algae, which produce an 
increase in pH, is difficult because the algaecides normally 
used are copper-based and toxic to freshwater prawns. A po¬ 
tential alternative may be to control algae using a granular 


form of hydrogen peroxide known as sodium carbonate per- 
oxhydrate (percarbonate). Osunde et al. (2006) conducted 
a series of laboratory experiments measuring the toxicity of 
this chemical to PL and juveniles. PL were found to tolerate 
5 mg/L of peroxide, while juveniles tolerated 10 mg/L. Both 
5 and 10 mg/L eliminated green and blue-green algae and 
reduced pH from 9.0 to 8.5 and 8.3, respectively. Tests under 
field conditions in ponds have yet to be reported. 

Detailed information on water quality for grow-out 
ponds is presented in Chapter 13. The main parameters 
which are monitored by farmers are temperature, water 
transparency, DO 2 , pH, ammonia, hardness and alkalin¬ 
ity. The frequency and accuracy of monitoring depends on 
farm design (see section 9.1.4). Low-technology farms gen¬ 
erally only monitor temperature and transparency weekly, 
using simple devices such as a mercury thermometer and a 
Secchi disc. From time to time, they also perform a more 
complete examination, which includes measuring the lev¬ 
els of DO 2 and pH. Medium-technology farms generally 
monitor temperature, transparency, pH and DO 2 , either 
daily or twice per week. High-technology farms check these 
parameters daily, and ammonia, alkalinity and hardness 
weekly or fortnightly. In these farms, aerators are turned 
on when the D0 2 level is low or when temperature or D0 2 
stratification is detected. In China, aerators tend only to be 
used when temperatures are high and towards the middle or 
end of the rearing period or during emergency situations 
(e.g. when DO 2 falls below 2 mg/L). Aerators are mostly 
used in the high temperature season or in the middle or 
late stage of rearing when the pond carrying capacity is 
very high. Rogers & Fast (1988) described stratification in 
freshwater prawn ponds in Hawaii and suggested that this 
phenomenon increases heterogeneity in prawn size and de¬ 
creases feed intake, growth rate and production. 

The effect of water salinity in grow-out ponds has not 
been covered adequately by research. However, M. rosen- 
bergii culture in low-salinity water has been shown to be 
feasible. Nair & Salin (2005) reported that the growth of 
prawns was good at 5 p.p.t. and that the prawns grown in 
slightly saline water weighed more than prawns of same 
length grown in freshwater. Above 10 p.p.t. survival rate 
declined. In India, inland, irrigated ponds unsuitable for 
agriculture due to underground water salinity have been 
successfully tested for freshwater prawn monoculture, and 
polyculture with carps, by diluting rearing water salinity 
from 30 to less than 10 p.p.t. (Nair & Salin 2006). M. rosen- 
bergii has the ability to control the osmotic pressure and 
the ionic concentration of its haemolymph when exposed to 
salinity between fresh water and its isosmotic point (Funge- 
Smith et al. 1995), which was reported to be 14.5 p.p.t. 
for males and 15.6 p.p.t. for females (Cheng et al. 2003). 
Cheng & Chen (1998) noted that prawns challenged by an 
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injection of bacteria showed higher survival when they 
were subsequently exposed to salinities of 5 and lOp.p.t. 
This result has tempted Taiwanese farmers to add brine to 
grow-out ponds. In Nellore and West Godavari in Andhra 
Pradesh, India, low saline coastal areas (<lOp.p.t.), espe¬ 
cially where shrimp farms have been abandoned, are now 
(2008) being utilised for freshwater prawn farming. The 
saline farming of M. rosenbergii in India was based on farm¬ 
ers’ experience from trial and error and further studies to 
refine such techniques are necessary. 

Hai et al. (2004) examined the effect of the level of water 
exchange (zero, 100%, 500% and 1000%/day) on farming 
performance. Increasing water exchange seemed to enhance 
growth and survival rate, but also early female maturation, 
which is not desirable. Further studies on this topic would 
be useful. In China, '/t to of water is changed every 3 days 
to maintain water quality and enhance moulting. How¬ 
ever, water exchange may not be necessary and many farms 
only add enough water to replace seepage and evaporation 
losses. New (2002) provided comprehensive information 
on water replacement and exchange in freshwater culture 
ponds. 

Farmers generally feed prawns one to three times daily, 
using a compound diet and quantities proportional to the 
prawn biomass or based on feed consumption. In Asia, 
wild-caught snails, crabs and trash fish are frequently pro¬ 
vided as well. For example, while pelleted diets are widely 
used by most of the farms in China, wet feed (mainly snails) 
are introduced when the prawns grow to 4 to 5 cm; in this 
case prawns are usually fed with pelleted feed in the morn¬ 
ing and with snails at dusk. The monitoring of feed con¬ 
sumption is practised mainly in semi-intensive (medium- 
and high-technology) or intensive farms. Low-technology 
farmers frequently neglect such observations and some¬ 
times have problems with oxygen depletion. New (2002) 
recommended that feed consumption should be controlled 
depending on the quantity of food that was observed to 
be left in the pond on the following day. This practice is 
common in China and Thailand but farmers also use water 
transparency as an important parameter to decide about 
feed. If transparency is less than 30 cm or there is leftover 
feed in the bunds or in tables used to monitor feed con¬ 
sumption, the feeding rate is decreased; however, if trans¬ 
parency is greater than 30 cm, feed is increased. Zimmer- 
mann (1998) suggested feeding prawns on trays to facilitate 
the control of consumption. However, this is not a common 
practice. In Thailand, trays are frequently used to monitor 
feed consumption but the feed is spread all over the pond 
bottom. Valenti (1996) recommended reducing the feeding 
rate by 50% if the DO 2 level falls lower than 3.5 mg/L in the 
early morning or if the temperature falls to the 20 to 24° C 
range during the day. This author suggested that feeding 
should cease if the D0 2 falls below 2.0 mg/L or the temper¬ 


ature falls below 18°C. Feeds and feeding management are 
discussed in detail in Chapter 12. 

The growth and health of prawns are monitored by 
means of samples collected periodically from the ponds. 
Prawns are measured and weighed and their exoskele¬ 
ton and gills are checked for the presence of parasites or 
epibionts (Chapter 14). These samples may also be used to 
calculate the quantity of feed that will be offered to prawns 
during the next period. Valenti (1985, 1996) suggested that 
sampling should occur at monthly intervals. 

New (2002) strongly recommended that farmers should 
keep adequate written records containing data on stock¬ 
ing, feeding rate, water quality and all other parameters 
monitored. This practice enables consistent evaluation of 
management. Andrade & Uliana (1998) presented two com¬ 
prehensive record sheets to help farmers achieve this goal. 
These sheets include space for recording data on stock¬ 
ing, growth rate, feeding, harvesting and the application 
of fertilisers and lime, among other factors. These authors 
also discussed the general management of freshwater prawn 
farms, including their relationship with other farms and the 
establishment of co-operatives and farmers associations. 


9.2.3 Control of predators and competitors 

Several types of organisms colonise ponds as soon as they 
are filled, as a consequence of ecological succession. These 
species are r-strategists and therefore have a great capacity to 
expand rapidly. Most are beneficial to prawns, such as nearly 
all plankton components, part of the benthos and various 
micro-organisms. However, there are several animals which 
compete with and/or predate on prawns. Most of these are 
naturally adapted to pond conditions and, hence have a 
competitive advantage on the prawns introduced by man. 

Interspecific competition is mainly for space, food and 
D0 2 . Associated fauna compete with prawns for habitats 
and shelters. In addition, they compete for pelleted feed 
and for grazing on the benthic stratum or on the periphy¬ 
ton covering added substrates. Competition for food and 
space may produce agonistic behaviour. The energy spent 
as a consequence of competition may reduce growth and 
therefore productivity. Dissolved oxygen is a major factor 
that limits the increase of biomass in aquaculture. Hence, a 
large biomass of associated organisms decreases the carry¬ 
ing capacity for prawns. 

Several components of the pond biotic community are 
carnivorous species that may predate on prawns, mainly 
during the first phases when PL are very small. Predators 
may cause mortality by eating prawns or causing injuries to 
their bodies and legs, which facilitates the establishment of 
diseases. In addition, the energy spent by prawns in escaping 
from predators certainly reduces growth (Lombardi 1998). 
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Fig. 9.5 Structure for predator and 
competitor control. 

Key: 1 = sequence of different mesh 
screens; 2 = gravel bed; 3 = lateral 
chamber used to wash gravel to avoid 
clogging. 


Prawns may assume successive trophic levels as they grow 
(Fig. 9.2). Consequently, many organisms, which are com¬ 
petitors and predators during prawn stocking and the first 
months of culture, later become their prey. Prawns can 
adjust to differences in diet quality by increasing their con¬ 
sumption of benthic fauna (Hill et al. 1997). Therefore, 
management strategies that aim at increasing natural pro¬ 
ductivity, such as the application of low-cost fertilisers, may 
decrease feeding costs (MacLean et al. 1989; Hill etal. 1997). 
However, this strategy may also increase the population of 
competitors and predators. Hence, a better understanding 
of the role of pond fauna, as competitors, predators or food 
items, could lead to management strategies that selectively 
enhance desirable food organisms and eliminate the others 
in each phase of culture (Valenti 1995). In conclusion, more 
comprehensive knowledge about the ecological succession 
process and its management may improve productivity and 
profit. It certainly provides an important avenue for new 
research work. 

Prawn predators may be separated into two groups: the 
animals that are components of the pond biotic commu¬ 
nities and those that casually enter the ponds from adja¬ 
cent terrestrial environments or are transported by intake 
water. The first group mostly consists of insects of the Or¬ 
ders Odonata (dragonflies), Coleoptera (beetles) and Het- 
eroptera (water fleas), and some fish. The second includes 
large fish (which reach the pond as larvae or eggs), amphib¬ 
ians and reptiles, as well as sub-aquatic birds and mammals. 
Lombardi (1998) presented a comprehensive review of pre¬ 
dation in freshwater prawn ponds in Brazil. This comprised 
long lists of species and mechanisms of control. The specific 
composition of pond fauna depends on the geographical 


location of the farm, but the main taxonomic groups are 
similar around the world. 

The entry of fish and some insects may be controlled 
by passing the intake water through suitable screens or 
gravel filters (Valenti 1985; Lombardi 1998; New 2002). In 
China, mesh screens of about 0.28 mm are used; however 
such small meshes may clog very frequently and cleaning 
the screen is a very labour-intensive task. Most commer¬ 
cial prawn farms rely on simple net filters. However, some 
use gravel filters in their intake system. Lombardi (1998) 
described an interesting and efficient retro-washed gravel 
filter that is inserted before the inlet pipes for each pond. 
Figure 9.5 shows a model combining a sequence of different 
mesh screens set up before the gravel bed. The efficiency of 
all of these structures is quite variable and differs according 
to the characteristics of the various predators. Normally, 
insects (mainly dragonflies), carnivorous fish and birds are 
the most serious predators in freshwater prawn farming. 

Air-breathing insects may be controlled by the addition 
of diesel mixtures on the pond surface one week before 
stocking (Johnson 1982; MacLean et al. 1989). Chemicals 
maybe used to kill dragonflies and other insects but Valenti 
(1995) stated that this practice may alter pond ecosystems 
in a negative way for prawns. The stocking of fish of the 
family Poecilidae (e.g. Gambusia affinis) is sometimes used 
to control insects (New & Singholka 1985; Cavalcanti etal. 
1986). Fish can be effectively controlled by using rotenone 
(Cavalcanti et al. 1986), which kills fish but has no effect 
on prawns at low concentrations. However, in some coun¬ 
tries (e.g. Brazil), the use of rotenone is prohibited by law 
because of environmental concerns. Small plastic fences 
around ponds (0.6 m high) have sometimes been used in 
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Fig. 9.6 Pond basin after draining 
harvest. 

Key: 1 = sump; 2 = pipe transporting 
clean water to sump during harvest. 



Thailand to prevent the entrance of catfish (Clarias ba- 
trachus and Mystus planiceps) and snakehead fish ( Ophio- 
cephalus micropeltes and O. striatus ) (New & Singholka 
1985). These fences may also prevent the entrance of am¬ 
phibians, reptiles and some mammals (Lombardi 1998), as 
illustrated in New (2002). Birds are very difficult to repel 
or control (Johnson 1982). Nets or strings stretched over 
the ponds, bird-scaring devices and explosives may help to 
deter birds (New & Singholka 1985; Cavalcanti et al. 1986). 
Lombardi (1998) recommended the use of dogs and stated 
that this is a cheaper and more efficient way to repel birds. 
In fact, the majority of birds do not predate on prawns 
and only use the ponds for drinking water, eating insects or 
resting; thus most birds do not cause any damage to prawn 
farming. 

Competent management of prawn competitors and 
predators includes early stocking (as soon as the pond is 
filled), periodic seining, and totally draining the ponds at 
least once per year. Prawns have a great advantage over 
competitors and predators if they are placed in the ponds 
at the beginning of the colonisation process (Valenti 1995). 
At this moment they have time to adapt to the new habi¬ 
tat and to grow before competition and predation become 
very intense. Cavalcanti & Rodrigues (1998) observed that 
M. rosenbergii PL can control the dragonfly population and 
reduce their density by an order of five to six, if they are 
stocked before the insects hatch. Seining can remove large 
predators, such as fish, turtles and snakes, and can be prac¬ 
tised during selective harvesting. Total draining removes 
all competitors and predators and interrupts community 
development, thus avoiding an increase in the standing 
stock and the diversification of the associated fauna (Valenti 
1995). 


9.2.4 Harvesting 

Harvesting techniques generally comprise seining or drain¬ 
ing, or a combination of the two. Seining is used for cull 
harvesting, while draining is employed for total harvest¬ 
ing (New 1995, 2002; Wickins & Lee 2002). The choice of 
a particular technique depends on the type of farm man¬ 
agement. The effects of the various forms of harvesting on 
prawn population, the pond ecosystem and yield have been 
noted in other sections of this chapter (see also Chapter 
16). This section therefore only describes each harvesting 
procedure without further comment. 

Seining consists of extending a net across the pond and 
drawing it along the bunds by four to six personnel. The 
prawns are then removed from the net at one end of the 
pond. New (2002) described seining operations and net 
characteristics in detail. Generally, seines are made with 
monofilament nylon, and provided with floaters, sinkers 
and a bag. Dimensions are quite variable. Valenti (1996) 
recommended the use of 2.5 m high nets with a length 
equivalent to 1.6 times the pond width. The mesh size is 
adjusted to catch the prawn size demanded by the market 
and varies from 18 to 50 mm between knot stretched mesh. 

Drain harvesting is performed by emptying the pond 
by gravity or by means of pumps. Prawns are caught in 
sumps (Fig. 9.6) positioned before, after, or even within the 
monk, or in net bags or net enclosures outside the ponds 
(New 2002; Wickins & Lee 2002). Water level should be de¬ 
creased with care because mass mortality has been observed 
in cases of rapid reduction of water during harvest (Bijulal & 
Kumar 2007). Some farmers introduce a continuous flow of 
clean water in the sumps during harvesting to avoid prawn 
stress. 
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Very little research on harvesting techniques has been 
carried out. Some improvements in prawn harvesting have 
been suggested, such as mechanical harvesting (Williamson 
& Wang 1982; Losordo et al. 1986) but there is little, if any, 
commercial application of these procedures (New 1995). 
Bijulal & Kumar (2007) described the various harvesting 
techniques used in Kerala, India. These authors reported the 
use of seine netting, cast netting, bag netting, gill netting, 
trapping, water draining and hand picking. Seine netting 
is the cheapest in large, well-designed farms, although cast 
netting is the more common. Special techniques are used in 
India for harvesting paddy fields and ponds where prawns 
are polycultured with fish. In large paddy fields the water 
level is first reduced from 1.5 to 0.75 m to drive the prawns 
into the deeper peripheral channels from where they are 
harvested by hand picking, or using cast nets, hand nets 
and an encircling bag net locally known as vadi vala. A 5 m 
long net opened by two wooden poles is dragged through 
the channels. Gill nets of 10 to 25 mm mesh size, set in 
deep polyculture ponds in the evening and hauled out on 
the following morning, are used to harvest fish and prawns; 
this operation extends for 10 to 12 days until the quantity 
of fish/prawns gilled in the net becomes reduced. 

Special attention during harvesting procedures is nec¬ 
essary to avoid ‘mushiness’ (Chapters 18 and 19). Valenti 
(1996) particularly stressed that all harvested prawns must 
be immediately washed with clean water, killed in a mixture 
of water and ice at 0°C, and then washed in a solution of 
chlorine (5mg/L). This simple practice is essential to pre¬ 
vent ‘mushiness’ and preserves product quality. However, it 
must be carried out near the pond, on the bund; transport¬ 
ing live prawns to processing facilities before this treatment 
is unsuitable because some prawns will die during transport 
and develop the ‘mushiness’ (Valenti 1998b). Therefore, it 
is important to consider this pre-processing technique as a 
part of the harvesting procedure. 

New (2002) recommended that harvesting should com¬ 
mence very early in the morning when the temperature is 
lower, to preserve the quality of prawns harvested. How¬ 
ever, harvesting at night is not recommended, except for 
specialised marketing. Joseph et al. (1992) observed that 
catching prawns at night increases the proportion of soft- 
shelled animals. This phenomenon may increase or decrease 
the crop value, depending on the target market. 


9.3 Prawn growth and survival 

Growth is the result of a balance between the processes of 
anabolism and catabolism, which occur in each individual 
(von Bertalanffy 1938). It can be expressed as the increase 
in length, volume or weight against time (Hartnoll 1982). 
In aquaculture, growth is generally measured by weight 


gain. Some authors have developed equations to relate data 
on length and weight for M. rosenbergii raised in tropi¬ 
cal and sub-tropical ponds (Menasveta & Piyatiratitivokul 
1982; Sampaio 8t Valenti 1996; Valenti &Sampaio 1996). As 
an example, the equation presented by Sampaio & Valenti 
(1996), based on data obtained in four experimental ponds, 
was as follows: 

W= 1.21 x 1(T 6 L 3 ' 43 

where: 

W = weight (g); and 
L = length (mm). 

In animals with a rigid exoskeleton, as is the case for 
crustaceans, growth is an essentially discontinuous process. 
There is a succession of moults separated by intermoult pe¬ 
riods; almost all external growth occurs immediately after 
a moult, before the hardening of the new exoskeleton. After 
this phase, only limited growth can occur due to the flexi¬ 
bility of the membranes which join the plates forming the 
rigid skeleton (Mauchline 1977; Hartnoll 1982). In addi¬ 
tion, M. rosenbergii exhibit a more complex growth pattern 
called ‘leapfrogging’, which is detailed in Chapter 16. In the 
current chapter, growth is treated in a simplified way, from 
a farmer’s perspective, namely the mean increase in prawn 
size within the ponds. 

The growth of any organism depends both on intrin¬ 
sic factors typical to the genetic constitution of each pop¬ 
ulation, and on extrinsic (environmental) factors acting 
on the individual throughout its ontogenetic development. 
The exogenous factors that most interfere with crustacean 
growth are temperature and food availability (Hartnoll 
2001). For prawn populations reared in semi-intensive 
grow-out ponds, density also plays a major role. 

Genetic manipulation may increase growth. Studies con¬ 
ducted by Meewap et al. (1994) indicated that parental and 
maternal characteristics have a great effect on the growth 
of M. rosenbergii. In an earlier paper, Doyle et al. (1983) 
demonstrated that the selection of early maturing female 
prawns for hatchery use may improve the genetic base for 
enhanced growth. However, selecting broodstock on the 
basis of readiness to spawn (choosing the females that ma¬ 
ture first) may lead to a loss of performance, since after 
maturation prawns drive energy to reproduction, reducing 
somatic growth. Claims have been made that inbreeding, 
due to small initial broodstock numbers, has caused gradual 
declines in growth, size at first maturity and productivity, 
for example in China (Weimin 2007), Thailand (Schwantes 
2007), Brazil (authors observation) and other countries. In 
China, new stocks of M. rosenbergii were introduced from 
various countries to cross-breed with the strain currently 
cultured and there are signs of improved growth rates and 
disease resistance in the offspring (New et al. 2008). On the 
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other hand, Chareontawee et al. (2007) demonstrated that 
there is no deterioration in genetic variability in broodstock 
used in Thailand, despite a long period of domestication. 
Therefore, other factors than genetic inbreeding should be 
considered in our approach to the problem of reduction in 
growth rate and general performance in freshwater prawn 
culture. 

Variability in temperature-related growth has been ob¬ 
served in populations from different geographic locations 
(Sarver et al. 1979) and intraspecific hybrids of M. rosen- 
bergii races have demonstrated improved growth rates 
(Dobkin & Bailey 1979). Until early 2000, no selected vari¬ 
eties or hybrids had become available to farmers. However, 
in Thailand, Charoen Pokphand Foods Pic (CPF) claim 
to have developed a new strain of giant freshwater prawn 
(the CPF strain), which has a better growth rate, meat yield 
and uniformity than the traditionally cultured conventional 
strain (Yi et al. 2007). In India a selective breeding pro¬ 
gramme for M. rosenbergii has been devised by Jahageerdar 
(2007), but there is no published information on its applica¬ 
tion to date. Genetic improvement is an important avenue 
for future research. 

Temperature strongly affects prawn metabolism, influ¬ 
encing DO 2 consumption and feed intake. According to 
Farmanfarmaian & Moore (1978), who were considering 
the possible use of thermally enhanced waters (e.g. geother¬ 
mal), growth nearly doubles for every 5°C increase within 
the 20 to 30° C range. However, this finding was not con¬ 
firmed by Niu etal. (2003). The latter authors observed that 
the specific growth rate of PL maintained for 30 days in 
different temperatures increased about 60% when temper¬ 
ature increased from 23 to 33°C. Mean water temperature is 
determined by the environmental conditions which pertain 
where the ponds are constructed; in practice, commercial 
farmers have little control over this factor once the farm site 
is selected. Early attempts at rearing freshwater prawns in 
artificially heated water in the UK proved uneconomic, due 
to the cost of energy. In contrast, commercial prawn cul¬ 
ture which indirectly uses thermal waters is currently being 
successfully practised in New Zealand (Chapter 17). In¬ 
creasing temperature reduces the time between moults, but 
reduces the size increase at each moult and the time to at¬ 
tain maturity (Hartnoll 2001). Therefore, culture in higher 
temperatures may not increase size at harvest or productiv¬ 
ity; this was clearly demonstrated by Tidwell et al. (1996), 
who performed a standardised comparison of freshwater 
prawn culture in two different latitudes (Chapter 10). 

Growth depends on both the quality and quantity of 
feed available. The amount of feed supplied to the prawns 
raised in semi-intensive systems is generally abundant and 
sufficient. However, there are indications that M. rosen¬ 
bergii fundamentally depends on the natural food present 
in ponds (Corbin et al. 1983; Schroeder 1983; Lilyestrom 


etal. 1987; Valenti 1990). If this is so, increased competition 
for natural food would occur at higher densities, regardless 
of the amount of ration provided. In addition to social ef¬ 
fects, food intake also decreases in low temperatures (Niu 
et al. 2003) and at pH levels below 7 (Chen & Chen 2003). 

The pH, calcium hardness, alkalinity and the inter¬ 
relationships between the ionic composition of water and 
aquafeeds may also affect growth and survival of prawns. 
Laboratory experiments have shown that continuous expo¬ 
sure to acid water, even if only slightly below neutral, re¬ 
duced the growth of juveniles (Chen & Chen 2003). In that 
study the highest growth and survival occurred at pH 8.2. 
In another laboratory study (Adhikari et al. 2007), calcium 
hardness of >228mg/L CaCC >3 and bicarbonate alkalin¬ 
ity of ^205 mg/L CaC0 3 significantly reduced the growth 
and survival of prawn juveniles. The relationship of di¬ 
etary calcium and water hardness also affects prawn growth 
(Zimmermann et al. 1994). This relationship and the gen¬ 
eral effect of water quality on prawn culture are addressed 
in Chapter 13. 

The effect of population density on growth is mani¬ 
fested through competition and other forms of interac¬ 
tion amongst animals. With increasing population density 
there will be an increase in intraspecific competition for 
resources, for example food and space. When one of these 
resources becomes insufficient, it will turn into a limiting 
factor. Growth will possibly be reduced both because of 
the lack of this resource and because of the greater energy 
expenditure caused by competition stress. 

M. rosenbergii is territorial to some degree and exhibits 
aggressive and social behaviour (Peebles 1979a,b; Karplus 
et al. 1992). The greater energy expenditure due to the dis¬ 
pute for a territory and its defence at higher densities may 
reduce growth rate. Although competition is usually associ¬ 
ated with limited resources, it is known that dominance and 
territoriality may limit access to available resources, even in 
rich environments (Peebles 1979a). In addition, in the pres¬ 
ence of aggressiveness among competitors, stress is intense 
even when food is abundant (Krebs 1972). Social suppres¬ 
sion of growth in M. rosenbergii has been demonstrated 
by laboratory studies (Karplus et al. 1992). This subject is 
detailed in Chapter 16. 

The effect of population density on the average weight of 
M. rosenbergii at the time of harvest is well known; however, 
most published papers focus on temperate regions. Studies 
involving an overall evaluation of growth during culture 
under semi-intensive conditions are scarce. Valenti et al. 
(1993) determined the variation of growth rate in exper¬ 
imental ponds managed according to the low-technology 
semi-intensive system. These authors observed a significant 
reduction in specific growth rate when population density 
increased from 4 to 20/m 2 . The effect was most marked 
in the range of 4 to 12/m 2 but was less noticeable from 
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12 to 20/m 2 . Similarly, Cuvin-Aralar etal. (2007) observed 
a reduction in growth from 26.3 to 14.3 g when stocking 
density was increased from 15 to 90/m 2 in experimental 
cage (2.5 x 1 x 1 m) culture in the Philippines. The results 
obtained by Sampaio & Valenti (1996) confirmed this ten¬ 
dency and indicated that the effect of density on the growth 
of this species is marked, even when population density 
varies within a small range (<1 individual/m 2 ). 

Quantifying growth is important in aquaculture, since 
this is one of the major factors determining productivity. 
For both theoretical and practical applications, it is useful 
to express growth by means of mathematical models that 
describe it in a general manner, as has long been practised 
in fishery studies (Beverton & Holt 1957; Bagenal 1978; 
Pauly 1980). In aquaculture, however, only the data refer¬ 
ring to stocking and harvesting are normally used for anal¬ 
ysis, without considering the growth that occurs between 
these events, although periodic estimates of animal size are 
commonly made. Thus, all the information contained in 
intermediate data is lost. Hopkins (1992) stated that the 
use of mathematical models in aquaculture should be en¬ 
couraged, since it represents the most precise and complete 
way of analysing growth data. In the case of crustaceans, 
growth curves represent a summation of the discontinuous 
growth processes in a continuous form. 

Growth curves facilitate forecasting and may be used in 
the determination of production models. Some papers have 
been published using the von Bertalanffy equation (von 
Bertalanffy 1938) to represent the growth of M. rosenbergii 
under batch culture conditions (Valenti etal. 1993; Faria & 
Valenti 1995; Sampaio & Valenti 1996; Valenti & Sampaio 
1996). Guest (1979) used the same model to represent the 
growth of M. amazonicum in the laboratory. In all of these 
studies, the adjusted equations fit very well to obtained 
data. Figure 9.7 shows an example of these curves, which 
indicate that growth rate is high during the first months 
after stocking and decreases later. 

The main causes of mortality in grow-out ponds are 
predation, intraspecific aggressiveness, the effect of adverse 
water quality parameters (Peebles 1978; Valenti 1990; New 
2002) and diseases (Weimin 2007). The incidence of mor¬ 
talities caused by diseases, parasites and poor nutrition 
was uncommon in well-managed semi-intensive culture 
(Valenti 1990) until recently. However, the recent expan¬ 
sion of freshwater prawn farming areas, the intensification 
of its culture, and the translocation of seed and broodstock 
in countries such as China, India and Thailand have led to 
the emergence of many diseases that are of serious concern. 
A number of parasitic, bacterial, fungal and viral agents 
have been shown to cause infections and mortality in fresh¬ 
water prawns, despite the earlier belief that M. rosenbergii 
was not very susceptible to disease problems. Details on 
prawn health management are presented in Chapter 14. 



Fig. 9.7 Growth curve of M. rosenbergii in a rearing 
pond obtained by means of a von Bertalanffy model. 
(Reproduced from Sampaio & Valenti 1996, copyright 
1996 with permission of Blackwell Publishing.) 

Key: W T = mean weight of prawns at time T; e = natural 
logarithmic base. 


The effect of population density on survival is very much 
lower than its effect on growth (Valenti 1989). Predation 
has already been discussed in section 9.2.3. Intraspecific 
mortalities are related to the moult cycle and differences in 
prawn size (Peebles 1978). Post-moult animals are attacked, 
while their exoskeleton is soft, by inter-moult prawns. The 
frequency of death increases in relation to the relative size 
of the aggressor and its victim. Chapter 16 presents some 
other considerations concerning M. rosenbergii agonistic 
interactions. In tropical and sub-tropical regions, deple¬ 
tion of D0 2 is the principal environmental factor causing 
mortality. Sudden decrease in water temperature may also 
be an important factor in sub-tropical areas. 

In semi-intensive batch culture, pond survival generally 
varies between 50 and 80% at the end of 6 to 8 months. 
A survival rate above 50% between stocking and total 
harvesting was considered acceptable by Valenti (1990, 
1996) and New (2002). According to Fujimura (1974) and 
Malecha (1983), survival in continuous culture systems was 
about 50 to 60%. Survival in high density pond farming in 
China is about 55%. In India, 60 to 75% may be achieved 
(Sukumaran 8t Muthukumaran 2004), whereas in gher 
farms in Bangladesh it is about 55% (Chowdhury et al. 
2007). However, in high-density culture in pens, survival 
may be quite low (Son et al. 2005). 

9.4 Production models and productivity 

The prawn biomass in a pond at any moment results from 
a balance between increase in weight and the mortality of 
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Fig. 9.8 Biomass curve representing the variation of to¬ 
tal weight of prawns in a pond against time. Note: arrows 
indicate maximum biomass and the moment of maxi¬ 
mum biomass achievement. Data obtained in an experi¬ 
mental pond at Sao Paulo State University, Brazil. (Data 
reproduced from Faria & Valenti 1995, copyright 1995 
with permission of Universidade Estadual de Maringa.) 

Key: B T = prawn biomass at time T; e = natural logarith¬ 
mic base. 


the stocked individuals. Therefore, if there is no re-stocking 
during the culture period, the biomass variation as a func¬ 
tion of time will be represented by a curve with a maximum 
point (Valenti 1990). This corresponds to the maximum 
production obtained under these specific grow-out condi¬ 
tions (Fig. 9.8). The biomass curve may be represented by 
the equation: 

I) = N„S'|W'[' 

where: 

B t = prawn biomass inside the pond at time T; 

No = number of prawns stocked; 

S T = survival rate at time T; and 
W T = mean weight of prawns at time T. 

Variation in survival and growth during culture may be 
expressed by mathematical models similar to those used 
in fisheries studies. Substituting these equations in the 
biomass formula above, it is possible to obtain useful models 
to describe the variation in prawn biomass (pond produc¬ 
tion) that occurs in ponds during rearing. Biomass curves 
were obtained by Valenti (1989), Faria & Valenti (1995) and 
Valenti & Sampaio (1996) in experimental batch cultures 
of M. rosenbergii performed in Brazil. These authors used 
mathematical equations to calculate the maximum biomass 
and the time in which it would be attained. Such equations 
assist in forecasting productivity and making the decision 
about the best moment for total harvest. In the case of 
the model tested by Faria & Valenti (1995), the difference 
between the actual and forecast harvest was within 4 to 


21% of the forecast prawn biomass in all ponds. Gibson 8t 
Wang (1979), who developed a model aimed at managing 
the continuous prawn culture system in Hawaii, stated that 
modelling may be a more accurate means of management 
than the use of data obtained by sampling prawns. Other 
models for managing the Hawaiian continuous culture sys¬ 
tem were developed by Huang et al. (1976) and Polovina & 
Brown (1978). 

Productivity is a function of the culture system and the 
farming strategy and level of technology practised, as was 
discussed in earlier sections of this chapter. In addition, 
pond productivity may vary according to pond age, size 
and location. Generally, older and smaller ponds are more 
productive (Malecha 1983; Correia et al. 2002). Pond lo¬ 
cation affects productivity from a climatic point of view, 
mainly through temperature. In the western hemisphere, 
typical productivity in semi-intensive culture systems is 1 
to 2 t/ha/yr (20-40 g whole prawns) in sub-tropical areas 
and 1.5 to 4.5 t/ha/yr (20-40 g whole prawns) in tropical 
areas (Valenti & Tidwell 2006). However, values as high as 
5.5 t/ha/yr have been obtained (Valenti & Moraes-Riodades 
2004). In Asia, productivity is highly variable in the top 
producing countries. In China, although typical annual 
yield was formerly 2.2 to 3.0t/ha, the mean yield is cur¬ 
rently (2008) 4.5 to 6.0 t/ha/yr of small prawns in sub¬ 
tropical areas, while 11.3 t/ha/yr of small prawns has been 
attained in tropical regions. In India, average productivity is 
about 1 t/ha/yr (MPEDA 2004; Nair & Salin 2007), while in 
Thailand it is 2.3 to 2.5 t/ha/yr (Schwantes et al. 2007a,b). 
In Bangladesh productivity is 400 to 900 kg/ha (Ahmed & 
Haque 2007; Khondaker 2007; Zafar 2007) and in Vietnam 
it generally ranges from 0.3 to 1.2 t/ha but levels as high as 
5 to 10 t/ha have been reported from river pen culture (Hai 
et al. 2004; New et al. 2008). 

During the current decade, the technology for culturing 
M. rosenbergii has been greatly improved (Valenti & Tidwell 
2006). As a consequence, freshwater prawn farming is be¬ 
coming more intensive and productivities between 5 to 
8 t/ha/yr are now feasible in two to three crops per year. 
There is great potential to substantially improve produc¬ 
tivity in tropical regions using the technology developed 
in temperate zones (Chapter 10), through the combined 
use of aerators, artificial substrates, polyphase feeding and 
the size grading of juveniles before stocking in grow-out 
ponds. However, increasing stocking density normally in¬ 
creases productivity but decreases prawn size at harvest 
(New 2002), as demonstrated in China (see section 9.1.1.3) 
where small prawns are welcomed in the domestic mar¬ 
ket. Thus, projections of productivity in business models 
should consider the size of the prawns that will be pro¬ 
duced, not simply the maximum productivity achievable, 
and adapt their projections to the prawn size suitable for 
their intended market. A good indicator for this is the 
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production/size index (PSI), which combines production 
and average size (Tidwell etal. 2000). 


9.5 Monosex culture 

The topic of research on monosex and sex reversal tech¬ 
niques is addressed in Chapters 15 and 16. Meanwhile, 
monosex male freshwater prawn culture, through the man¬ 
ual segregation of sexes after nursery rearing, is a recent 
practice in India that is becoming increasingly popular and 
widely accepted. 

This strategy had become common practice in fish cul¬ 
ture by the late 1970s (Mires 1977; Tayman & Shelton 1978) 
and was later applied to crustacean culture (Curtis 8c Jones 
1995; Sagi etal. 1997). Farming all-male populations is eco¬ 
nomically advantageous because the males of M. rosenbergii 
grow faster and reach a larger size at harvest than females 
(Sagi 8c Aflalo 2005). Another inherent advantage of rearing 
non-breeding populations is that energy is diverted from 
reproduction to growth. 

The first attempt at monosex culture of M. rosenbergii 
was carried out in a small-scale intensive cage-culture sys¬ 
tem (Sagi et ah 1986). In this experiment, the all-male pop¬ 
ulation reached market size at a faster rate and yielded 
473 g/m 2 within 150 days, whereas all-female and mixed 
populations produced 248 and 260 g/m 2 , respectively. Sim¬ 
ilar results were subsequently obtained when monosex 
prawn culture was tested under intensive monoculture con¬ 
ditions in earthen ponds (Cohen et al. 1988); the all-male 
stocking gave higher marketable yields, increased average 
weights, higher income per unit area and shorter times to 
harvest. 

Segregation of males and female prawns may be carried 
out manually by visually examining the juveniles at the area 
of the base of the last pereopods. The gap between the ori¬ 
gins of the two walking legs is less in the case of males and 
in addition they possess a shield-like covering that hides 
the gonopore (Fig. 9.9). In India, juveniles that have been 
nursed for 45 to 60 days (< 5 g) can be manually segre¬ 
gated with an accuracy of more than 95% by skilled labour¬ 
ers, mainly women (Nair 8c Salin 2005). These labourers 
can segregate 3000 to 5000 juveniles/day working for 6 to 
8 hours. The males are transferred to grow-out ponds and 
the females are either sold at a cheaper price or stocked in 
separate grow-out ponds. 

The segregated male juveniles are stocked at a low density 
(1.3-1.5 juveniles/m 2 ). After 90 to 120 days the grow-out 
ponds are seined to produce a first cull harvest that re¬ 
moves all the fully-grown blue-claw males (70-80 to 100 g) 
and any females (30-40 g) that may be accidentally present. 
About 20% of the large prawns are thereby removed at this 
stage, while the smaller prawns are returned to the pond. 



Fig. 9.9 Sex determination in juvenile M. rosenbergii 
(c?on the left). 


allowing them to grow further. After 30 days, a second 
seine netting is carried out; this is the major cull harvest, in 
which 60% of the fully-sized males are caught. Final har¬ 
vesting by complete drainage is carried out after another 
30 days to complete the grow-out period of 4.5 to 6 months 
(6-8 months, including nursery phase). The FCR obtained 
in all-male culture is 1.2:1, whereas for mixed culture it 
is 1.9 to 2.0:1. Mixed culture usually extends for a longer 
period (8-10 months) and may involve as many as 4 to 
5 cull harvests during this period (New et al. 2008). The 
shorter duration of culture and lower stocking density used 
in all-male culture causes fewer pollution and water quality 
problems. 

Two decades ago, Hulata et al. (1988) stated that man¬ 
ual sexing was not economically justified in Israel. This 
was based on the requirement for large amounts of low 
cost, skilled labour (Sagi & Aflalo 2005). However, man¬ 
ual segregation can be an important strategy for the 
all-male culture of freshwater prawns where labour is abun¬ 
dant and low-cost. Creation of monosex populations util¬ 
ising hormonal or genetic technologies could be effective 
but require considerable time, expertise and investment. 
Such advanced techniques are certainly beyond the scope 
of most current freshwater prawn farmers. In India, Nair 
et al. (2006) observed that manual segregation is econom¬ 
ical and profitable. In five-month grow-out trials, all-male 
juvenile stocking yielded significantly better individual size, 
productivity and specific growth rate; all-male culture re¬ 
duced the crop period and the proportion of runts in the 
harvested population from 15 to 5%. It results in a more 
uniform growth rate and improves FCR, survival and the 
overall output. In addition, all-male monosex culture has 
been shown to be 63 and 60% more profitable than mixed 
and all-female cultures, respectively. The use of labour 
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intensive technologies is acceptable because it enhances so¬ 
cial sustainability (Valenti & Kimpara 2008). 

Nair etal. (2006) observed that all-male juveniles cost 2.5 
times and 20 times more than mixed and all-female juve¬ 
niles respectively, reflecting the high labour costs of manual 
sexing. Despite the greater cost of all-male juveniles pro¬ 
duced by this technique, stocking them is very profitable, 
as noted above. However, it is wasteful to discard the seg¬ 
regated females (as is often practised), which can also be 
grown on at a profit. Rearing these female juveniles alone at 
a higher density of 5 juveniles/m 2 for at least 3 months has 
been shown to result in significant additional income. Nair 
et al. (2006) obtained significantly higher survival (~90%), 
lower FCR (1.26:1) and lower heterogeneous growth in all¬ 
female culture compared to all-male and mixed cultures 
within 5 months in grow-out ponds. According to Daniels 
et al. (2007), all-female rearing enables increased stocking 
density, reduces market size variability and increases total 
productivity; thus, it may also prove beneficial under cer¬ 
tain conditions and for specific markets. As an alternative 
to rearing the female juveniles in ponds, Nagireddy (2005) 
suggested stocking 2 to 3 g female M. rosenbergii at 0.25 
to 0.3/ha into irrigation tanks and reservoirs. The stock¬ 
ing of unwanted females from the manual sexing process 
into open waters may not only cause less waste of resources 
(the female juveniles have cost just as much to raise as the 
males) but provides a means of enhancing the capture fish¬ 
eries, with consequential commercial and social benefits 
(New et al. 2008). However, the implications of discarding 
unwanted stock into open waters on biodiversity and health 
should be carefully considered. 

Considering that hand-sexing every juvenile is labour 
intensive, requires considerable skill and may cause mor¬ 
talities or affect animal health, alternative methods are 
being sought. The use of hormones and the manipula¬ 
tion of androgenic gland (AG) to produce neofemales have 
therefore been investigated in India (Chapter 15). Baghel 
etal. (2004, 2007) showed that Artemia enriched with Ha- 
methyl testosterone (MT) at 50 to lOOmg/L increased the 
male/female ratio; however, complete sex-reversal was not 
achieved and survival was reduced, indicating that fur¬ 
ther research is necessary. Venugopal et al. (2007) exam¬ 
ined the effects of dietary inclusion of the female hormone 
norethindrone and the male hormones free testosterone 
and 17a-MT on M. rosenbergii PL. These authors found 
that norethindrone (10 mg/kg feed) and 17a-MT (40 and 
80 mg/kg feed) induced limited but not complete sex re¬ 
versal. The maximum male:female ratio achieved was 7.3:1 
with 40 mg/kg dietary 17a-MT inclusion; however, sur¬ 
vival decreased in all levels of added hormone. In the USA, 
Ohs et al. (2006) reported preliminary findings indicat¬ 
ing that the dietary inclusion of dopamine hydrochloride 
may control gonadal development and sex differentiation; 


administration of this substance appeared to increase the 
proportion of females. At the present time, the manual seg¬ 
regation of males and females at the juvenile stage remains 
the only practical method for all-male freshwater prawn 
culture that is currently available. 


9.6 Environmental protection 

Freshwater prawn farming is recognised as an efficient way 
of producing crustaceans with minimal environmental im¬ 
pact (Chapter 24). Until 2000, there was no published in¬ 
formation which indicated that there were any negative 
effects on the environment produced by the farming of 
M. rosenbergii. However, as the activity greatly expanded 
and become more intensive during the current decade, 
some problems have been reported recently. The rapid pace 
of freshwater prawn farm development in India has caused 
some environmental deterioration (Haribabu 2005) and 
excess utilisation of ground water in some areas (New et al. 
2008). In Thailand, pollution caused by excess of nutri¬ 
ents in pond effluents may influence the sustainability of 
the activity (Schwantes et al. 2007b). Intensification and 
expansion of prawn production without consideration of 
potential environmental and social impacts may lead to un¬ 
sustainable systems (Kutty 2005). However, it is the actions 
of entrepreneurs and farmers seeking to maximise profits 
that can cause such problems, not the techniques of farm¬ 
ing freshwater prawns per se. The concepts of responsible 
aquaculture and sustainability have been incorporated into 
production systems but still need better recognition by sci¬ 
entists and farmers alike; a number of guidelines designed 
to facilitate aquaculture sustainability have been published 
(FAO 1997a; EC 2005). 

Two matters of environmental concern concerning fresh¬ 
water prawn culture need particularly careful attention, 
namely the escape of prawns from grow-out ponds and 
the discharge of polluted effluents into natural waters. 
M. rosenbergii is an exotic species in most of the countries 
where it is farmed. Other Macrobrachium spp. may also be 
introduced where they are not indigenous. In such cases of 
alien introduction the escape of prawns into natural waters 
may result in their establishment within the environment. 
This may cause a negative ecological impact in two ways, 
namely the dissemination of pathogens and the establish¬ 
ment of an exotic population that may affect native species 
(competition, predation, etc.). In all cases where introduc¬ 
tions are contemplated, the precautionary approach should 
be applied (FAO 1997b). In India, Sankolli & Shenoy (2007) 
have expressed concerns about the possible effect of intro¬ 
ducing M. rosenbergii into the areas of occurrence of natural 
populations of M. malcolmsonii. Ranching of M. rosenbergii 
seed to areas in the far interior might be detrimental to the 
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existing population. Though adult prawns may be observed 
following escapes from inland farms, it is unlikely that 
M. rosenbergii could colonise a new habitat unless it escapes 
from farms situated near to the coast because its larval phase 
takes place in estuarine waters. 

There are no reports of any dissemination of pathogenic 
micro-organisms by the introduction of M. rosenbergii. 
However, there are some reports of the establishment of 
populations of this species in natural habitats in South 
America. Pereira etal. (1996) described the founding of an 
M. rosenbergii population in natural waters in Venezuela. 
No negative effects on the environment had been observed 
at that time but these authors speculated that some type of 
impact might occur in the future. In Brazil, there are re¬ 
ports of populations colonising natural waters in the States 
of Sao Paulo (Magalhaes etal. 2005), Espirito Santo (J. Cen- 
toducate, pers. comm. 1999) and Para (Maciel et al. 2003). 
The last two populations are being artisanally fished and no 
adverse effect on the environment has been observed so far. 

Farmers have a responsibility to prevent the escape of 
animals from their impoundments. However, this obliga¬ 
tion has been neglected by almost all producers around 
the world. We suggest that constructing a ‘security tank’ to 
receive the water drained from the monks before it is dis¬ 
carded may help to solve this problem. Such tanks would 
need to be provided with suitable screens to prevent the es¬ 
cape of prawns. In addition, special care during harvesting 
is important. Methods of preventing the escape of prawns 
from grow-out ponds, the disinfection of effluent waters, 
and the potential ecological impacts of M. rosenbergii are 
all important fields that need research. 

The organic residues produced as a consequence of un¬ 
consumed feed and the residual fertilisers maybe important 
pollutants. In general, pond effluents are rich in nitroge¬ 
nous compounds, phosphates and solid particles (Valenti 
1996). The establishment of a suitable feeding and fertilising 
schedule, as well as the use of a water-stable aquafeed with 
a good FCR (Chapter 12), may diminish this kind of pol¬ 
lution. A treatment pond may be constructed to receive the 
effluents before they are discharged into natural bodies of 
water; this would certainly reduce environment impact. In 
Brazil, environment legislation requires farms to incorpo¬ 
rate a treatment pond equivalent to 10% of the total volume 
of grow-out ponds. Experimental results have shown that 
treating effluents with free-floating macrophytes may be ef¬ 
ficient (Henry-Silva & Camargo 2008). The effluents from 
prawn farming maybe used for irrigating crop production, 
as recommended by Valenti (1996), thus avoiding their dis¬ 
charge into natural waters. The integration of freshwater 
prawn farming and agriculture is discussed in Chapter 11. 

The recent adoption of sustainable and innovative prac¬ 
tices in prawn farming is a positive step towards sustain¬ 
ability. These developments include monosex culture (Nair 


et al. 2006), integration with agriculture, rice-prawn cul¬ 
ture (synchronous and in rotation), the introduction of 
prawn farming in reclaimed saline agricultural lands (Jain 
et al. 2007; New et al. 2008), the operation of gher farms 
(Chowdhury et al. 2007) and the regulation of inputs and 
practices (Kutty etal. 2009). 
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With the exception of China, the majority of research and 
development efforts concerning freshwater prawn farming 
have been conducted in tropical regions (Chapters 1 & 17). 
However, activities in temperate regions also date back sev¬ 
eral decades. Culture of Macrobrachium in temperate zones 
offers positive opportunities, despite the inability to cul¬ 
ture year-round. However, the unique problems imposed 
by a restricted growing season must be addressed, and op¬ 
portunities capitalised on, to attain commercially viable 
production in these regions. This chapter primarily deals 
with research and development of temperate zone Macro¬ 
brachium culture in the USA. 


10.1 Culture in temperate zones: 
problems and opportunities 

10.1.1 Problems 

Compared to tropical environments where culture through¬ 
out the year is possible, the growing season for prawns in 
temperate zones is limited to 100 to 150 days. This grow¬ 
ing period is defined by low water temperatures during the 
period prior to stocking and after harvest. This situation 
creates at least a potential for crop loss, due to an unantic¬ 
ipated temperature decrease during the period soon after 
stocking or just prior to harvest. In practice, such losses are 
rare, and experienced producers can normally achieve max¬ 
imum growth without incurring undue risks. Production 
in temperate climates is generally limited to the practice of 
batch culture, i.e. a single stocking and a total harvest prior 
to reaching lethally low water temperature. 

Successful culture in temperate climates requires special 
considerations at both stocking and harvest. At stocking, it 
is essential that juveniles of the proper size and number all 
be available at the same time so that the maximum number 


of days in the production (grow-out) ponds can be realised. 
Also, the fewer the number of available production days, 
the greater the importance of stocking nursed juveniles of 
appropriate size (weight) rather than new postlarvae (PL). 
In the central USA, water temperatures in production ponds 
are suitable for approximately 120 to 140 days per year. To 
achieve marketable sizes of 20 to 30 g within that limited 
growing period requires a sufficient supply of juveniles of 
approximately 0.3 to 0.5 g mean individual weight to stock 
production ponds at 60 000 to 100 000 juveniles/ha. This 
recommended stocking size/weight imposes a requirement 
of 45 to 60 days of nursery culture after the postlarval stage. 
This need for a local nursery facility can potentially impair 
the growth of a regional industry. 

Seasonal availability of the final marketable product is 
another potential problem imposed by production in tem¬ 
perate regions. Marketable-sized prawns can only be har¬ 
vested during a 4 to 8 week period, depending on growth. 
Also, the need to batch-harvest ponds completely in the 
autumn can ‘flood’ markets with fresh or live product over 
a relatively short period of time. 

In temperate regions, prawn production ponds are not 
used during 6 to 8 months of the year, thereby cre¬ 
ating the potential for undesirable species to become 
established in the pond during this fallow period. Cau¬ 
tion must be exercised to ensure that undesirable, espe¬ 
cially predacious, fish do not enter the pond before the 
next crop of juvenile prawns is stocked. If prevention is 
unsuccessful, this problem must be rectified through the 
use of toxicants such as rotenone or chlorine (Chapter 
13, sections 13.2.4.3 and 13.3.1). These introduced com¬ 
pounds must be allowed to detoxify completely before 
new prawns are stocked. Options are even more limited 
if fish are observed after prawns have been stocked be¬ 
cause fish-selective toxicants have yet to be evaluated or 
documented. 
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Fig. 10.1 The red swamp crawfish (Procambarus 
clarkii), which can be intercropped with M. rosenbergii. 


10.1.2 Opportunities 

Macrobrachium rosenbergii inhabits freshwater for most of 
its life cycle. Hence, production can occur much further 
inland than is normally feasible with penaeid species (ma¬ 
rine shrimp). Production in temperate regions offers the 
opportunity for prawns to be produced in close proximity 
to large inland urban markets and for producers to supply 
these markets with unique product forms, such as fresh or 
live product. These product forms are especially important 
for fulfilling the demand of special niche markets, such as 
the large ethnic communities found in many of these urban 
areas. 

Temperate conditions also create unique production op¬ 
tions. For example, in the Midwest region of the USA, prawn 
producers raise rainbow trout (Oncorhynchus mykiss) dur¬ 
ing the winter in prawn ponds as part of a seasonal ro¬ 
tation (Tidwell et al. 1991). Prawns have also been suc¬ 
cessfully intercropped with another crustacean species, the 
red swamp crawfish, Procambarus clarkii (D’Abramo et al. 
1997) (Fig. 10.1). The limited growing season has also 
created interest in evaluating the potential of polyculture 
with species previously thought incompatible. Researchers 
at Kentucky State University evaluated the polyculture of 
yellow perch (Perea flavescens), a coolwater finfish, in cages 
suspended in prawn ponds (S. Coyle, pers. comm. 1999). 
More recently polyculture with tilapia confined in cages has 
achieved some success (Danaher et al. 2007). 


10.2 Temperate production cycle 

10.2.1 Broodstock 

Temperate climates warrant the collection of broodstock 
from ponds before water temperatures become lethally low. 


Broodstock are then held in temperature-controlled build¬ 
ings for the subsequent production of larvae. The protocols 
for collection, holding and feeding of broodstock are pro¬ 
vided in Chapter 4. Maturation, mating and spawning of 
eggs occurs without the need to adhere to special lighting 
conditions or photoperiod manipulation if water temper¬ 
atures are kept above 22°C, and populations are held in 
the proper male:female ratio, namely 2 to 3 males per 10 
females (D’Abramo etal. 1995). 

10.2.2 Hatchery and nursery phases 

In temperate climates the hatchery phase usually begins 
approximately four months before the planned stocking 
of juveniles into production ponds. The duration of the 
hatchery or larval cycle (from the hatching of eggs to the 
harvest of PL) usually requires 28 to 30 days (Chapter 5). 
The restricted pond grow-out period in temperate regions 
presents some unique challenges for larval culture. There is 
only a ‘window’ of three to four weeks to initiate successful 
hatches. Thus, because of the need to stock grow-out ponds 
as early as possible, and an imposed 45 to 60 day nursery 
period, timing, planning and success during the hatchery 
phase are especially critical in temperate regions. The sea¬ 
sonal constraints afford no second opportunity to recover 
if problems that cannot be readily resolved occur. Special 
attention therefore needs to be focused on the quality of the 
broodstock and the cleanliness of the system. 

Another special consideration for larval culture in tem¬ 
perate zones is light. Larvae of M. rosenbergii actively feed 
by sight rather than by passive encounter and must be cul¬ 
tured in indirect light with sufficient intensity to allow prey 
to be readily seen (see Chapter 5 for discussion of light re¬ 
quirements). During the hatchery season (late winter) the 
number of days with sufficient intensity are relatively few, 
requiring that natural light be supplemented with artificial 
light to achieve appropriate light conditions for culture. 
Larval tanks should be stocked with larvae hatched during 
a 1 to 4 day interval. Longer periods of larval collection 
would increase size variation within the culture tank, the 
incidence of cannibalism and the length of the larval cycle. 
Chapter 5 provides detailed information concerning the 
management protocol in hatcheries. 

In freshwater prawn farming the hatchery phase is gen¬ 
erally followed by some form of nursery phase (Chapter 
7), a period when PL are commonly reared to juveniles in 
indoor tanks in freshwater. Due to the restricted outdoor 
growing season, a nursery phase is essential in temperate 
climates. The goal of this phase is to get a ‘head-start’ on 
grow-out while the animals are small and relatively toler¬ 
ant of crowding. This helps to assure that marketable sizes 
are achieved, as well as decreasing post-stocking mortality 
(Sandifer & Smith 1985). 
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In addition, the nursery phase also provides for the im¬ 
plementation of another important management strategy, 
size grading, which is effective in reducing the size variation 
of harvested populations. A period of 45 to 60 day in the 
nursery, at a stocking density of 5 to 6 PL/L, is recommended 
(D’Abramo et al. 1995) to produce juveniles large enough 
for size grading (see section 10.2.5.1) to be effectively im¬ 
plemented (Daniels et al. 1995). Nursery tanks should be 
provided with artificial substrate at a rate such that PL are 
at approximately 400/m 2 of surface area. However, at this 
recommended stocking rate, the nursery phase should not 
exceed 60 days; after that the rate of cannibalism increases 
dramatically and significant losses can rapidly occur. Gen¬ 
erally, a 65 to 75% survival may be expected at the end of 
the nursery phase. Also, there may be other problems with 
keeping juveniles in the nursery for more than 60 days. 
Tidwell et al. (2003) found that with extended nursery pe¬ 
riods (up to 120 d) the ‘biological clock’ of the juveniles 
continues to run and the prawns quickly progress to re¬ 
productive morphotypes after pond stocking, negatively 
affecting average harvest sizes and pond production. 


10.2.3 Grow-out 

In temperate climates prawns are usually stocked into grow- 
out ponds at lower densities than in tropical climates. High 
stocking density could cause the prawns not to achieve mar¬ 
ketable sizes in temperate areas with a growing season of 
approximately 4.5 to 5 months because growth is density- 
dependent. The density-dependent reduction in growth 
rates occurs in response to achieving a particular biomass 
per unit volume of water (D’Abramo et al. 2000). There¬ 
fore, this density-dependent factor will become operative 
earlier in high-density ponds where the population has a 
smaller mean weight. As a result, the mean harvest size 
is smaller at comparatively higher densities, given equiv¬ 
alent survival. D’Abramo et al. (1989) showed that aver¬ 
age harvest weight decreased 23.2%, from 26.0 to 19.3 g, 
when stocking densities were increased from 39 536 to 
79 072/ha. 

Lower stocking densities are warranted by the short- 
duration, single-crop culture of prawns in temperate cli¬ 
mates. This has an additional benefit, since the incidence 
of water quality problems arising from oxygen depletions 
is reduced when stocking densities are lower. Neverthe¬ 
less, at high water temperatures, care needs to be exercised 
and management practices should call for either constant 
or nightly aeration or the initiation of emergency aeration 
procedures when dissolved oxygen concentrations are at, or 
are anticipated to fall below 3 mg/L. 

Lower stocking densities also allow for the use of natural 
productivity for growth. At low stocking densities farmers 


can rely on the natural productivity of the pond to sus¬ 
tain maximum growth rates of juvenile prawns. However, 
at a biomass of approximately 200 to 250 kg/ha, natural 
pond productivity becomes insufficient to sustain maxi¬ 
mum growth rates (Tidwell etal. 1997). At that point, feed¬ 
ing must be implemented. A commercially available sinking 
catfish feed, manufactured by pelleting or extrusion, works 
well, especially during the early stages of culture. This diet 
may serve to enhance natural productivity as much or more 
than serving as a direct source of nutrients. Nevertheless, 
some means to increase the overall energy flow is required. 
A fertilisation regime may either substitute for or comple¬ 
ment feeding (Tidwell et al. 1997). Careful attention must 
be directed towards the quantity, the frequency of appli¬ 
cation, and the time of day when fertilisers are applied, to 
avoid the possible depletion of oxygen that may occur as 
the material is decomposed. Grow-out feeds and feeding 
practices are presented in Chapter 12 and water quality and 
fertilisation in Chapter 13. 


10.2.4 Effects of reduced temperatures on 
population structure 

M. rosenbergii is considered a tropical species requiring wa¬ 
ter temperatures of 26 to 31°C (Sandifer & Smith 1985) for 
good growth, with 29 to 31°C being considered optimal. 
However, Tidwell et al. (1994) reported rapid growth rates 
for prawns raised at a mean water temperature of 25° C. At 
this culture temperature, harvested prawns exhibited a pop¬ 
ulation structure markedly different from those reported 
for populations in regions with higher mean water temper¬ 
atures during the grow-out season. The primary differences 
were a reduced number of stunted males and a correspond¬ 
ing increase in the number of larger, faster-growing orange 
claw (OC) males. 

These water temperature effects on pond populations 
were conclusively documented through a standardised 
study conducted using experimental production ponds lo¬ 
cated at different latitudes (Tidwell et al. 1996). This ap¬ 
proach was designed to permit direct comparisons of pro¬ 
duction and population structure of prawns raised under 
different water temperature regimes. All variables such as 
stocking rate, stocking date, source of juveniles, diet and 
feeding rates, were identical at both locations. At the more 
northerly (cooler) site fewer prawns reached sexual ma¬ 
turity and those that did were larger, indicating a delayed 
onset of maturation. This delay in attaining sexual ma¬ 
turity allowed prawns raised at lower temperatures to di¬ 
rect more energy to somatic growth and correspondingly 
less to maintenance and reproductive activities. Both total 
yield and growth rates were significantly greater at the more 
northerly (cooler) site (Fig. 10.2). 
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Sample date 


Fig. 10.2 Water temperatures and average weights of 
freshwater prawns raised under standardised conditions 
at southern (Mississippi State University [MSU]; latitude 
33° 12') and northern (Kentucky State University [KSU]; 
latitude 38°12') sites. 


10.2.5 Management of temperate grow-out systems 
to maximise growth 

Development of management practices to maximise unit 
production in temperate regions is essential, due to the 
restricted length of the growing season. Total production 
can be increased by simply increasing stocking densities 
(Karplus et al. 1986); however, there is an inverse relation¬ 
ship between stocking density and mean prawn weight at 
harvest (D’Abramo etal. 1989). In fact, the proportion, and 
total production, of marketable-sized prawns may actually 
be lower at higher stocking densities (Smith et al. 1978). 

Increasing average stocking size can also increase produc¬ 
tion. D’Abramo etal. (1989) demonstrated that an increase 
in stocking size from 0.17 to 0.75 g increased production 
by 16.8 to 39.6%, depending upon stocking density. At a 
stocking density of 39 536/ha the mean production at the 
end of the grow-out season increased by 29%. At higher 
stocking densities, the effect of larger stocking sizes was 


reduced because the density-dependent growth rate reduc¬ 
tions become operative earlier in the pond grow-out phase. 
These results demonstrate that the nursery phase is essential 
in achieving the goal of producing prawns of a highly mar¬ 
ketable size within the constraints of a short growing season. 

10.2.5.1 Size grading 

Size grading of nursed juveniles prior to pond stocking has 
been found to increase both mean harvest size and total 
pond production in temperate climates, thereby enhancing 
economic viability. Size grading is essentially a husbandry 
technique designed to separate fast-growing prawns from 
others in the nursery population. Faster-growing individu¬ 
als suppress the growth of other individuals in the popula¬ 
tion (the mechanism for growth suppression is discussed in 
Chapter 15). Removing or separating these fast-growing in¬ 
dividuals (Plate 7a, b, facing p. 254) improves the prospects 
for other individuals to achieve their growth potential. The 
smaller individuals, generally males, respond by increas¬ 
ing growth rates to compensate for their initial retarded 
growth. Essentially, size grading succeeds in disrupting the 
continuation of the socially induced, differential growth 
rates which contribute to increases in size variation in the 
population over time. D’Abramo et al. (1991) stocked un¬ 
graded and graded populations of juvenile prawns with a 
mean weight of 0.33 and 0.30 g, respectively, in earthen ex¬ 
perimental ponds at a density of 29 652/ha. At the end of a 
5 month grow-out season the mean harvest size and mean 
yield of the graded populations exceeded those of the un¬ 
graded populations by 37.3 and 45.6%, respectively. Mean 
food conversion ratios were also improved: 2.4:1 (graded) 
versus 3.2:1 (ungraded). 

Size grading can be accomplished by using finfish bar 
graders. The desired separation is achieved through knowl¬ 
edge of the size distribution of the population, combined 
with selection of the appropriate bar width. A 50 to 50% 
(upper-lower) or 40 to 60% (upper-lower) size grade is 
advised because this approach allows the use of both post- 
graded populations for stocking. Having higher percentages 
of the upper class reduces the overall effect of size grading on 
production characteristics in ponds. Daniels & D’Abramo 
(1994) evaluated the production characteristics of graded 
and ungraded populations stocked and grown in earthen 
ponds for a period ranging from 125 to 138 days. The graded 
populations were numerically divided into 70% upper and 
30% lower, and 30% upper and 70% lower groups, accord¬ 
ing to size. Average yield of the 30% upper (1106 kg/ha) 
and 70% upper (884 kg/ha) populations were significantly 
greater than that of the ungraded treatment (775 kg/ha) 
and corresponded to similar significant differences in mean 
harvest weight. These significant differences in production 
characteristics were a reflection of changes in the percent 
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distribution of different groups of individuals comprising 
the populations (morphotypes; Chapter 15), a product of 
the size grading. Most importantly, based upon the size 
distributions of the harvested populations, the calculated 
gross revenues in graded populations were 6 to 73% greater 
than those realised for the ungraded populations. 

Daniels et al. (1995) stocked the upper group of a size- 
graded population of juveniles into earthen experimental 
ponds at densities of 39 540, 59 300 and 79 100/ha. After 
a grow-out of 131 to 134 days, mean harvest weight was 
significantly higher for prawns stocked at the lower density 
relative to the two higher densities. There were no signif¬ 
icant density-dependent differences relative to total yield, 
survival or feed conversion. The relationship of an increas¬ 
ing proportion of small males at harvest relative to increas¬ 
ing stocking density, a characteristic of ungraded stocked 
populations, was not found in their study. The significant 
differences in mean harvest weight were the result of an in¬ 
crease in the mean harvest weights of certain morphotypes 
rather than changes in the proportional distributions of the 
morphotypes. The higher mean harvest weight of popula¬ 
tions harvested from the lower stocking density translated 
into higher revenue, based upon the proportions of tail 
count categories. 

10.2.5.2 Artificial substrate 

As noted earlier, in temperate regions it is important to 
increase total production rates without decreasing average 
individual weights. Cohen et al. (1983) reported that to¬ 
tal production and average weight increased 14 and 13%, 
respectively, when artificial substrate was added to ponds 
in Israel. Tidwell et al. (1998) reported that production 
and average harvest size of prawns stocked at relatively low 
densities (59 280/ha), and grown under temperate condi¬ 
tions, increased 20 and 23%, respectively, when grow-out 
ponds contained added substrate. Ra’anan et al. (1984) re¬ 
ported that added substrate was more effective in inten¬ 
sively stocked production ponds. However, Tidwell et al. 
(1999b) found no significant interaction between the addi¬ 
tion of substrate and increased stocking density, although 
substrate did increase total production by 18%, average 
harvest size by 13% and marketable (>20 g) production 
by 25%. An unexpected benefit of added substrate was 
a 17% improvement in feed efficiency. Substrate provi¬ 
sion on a commercial scale (Fig. 10.3; Plate 7c, d, facing 
p. 254) has resulted in production and mean harvest size 
exceeding 1800 kg/ha and 35 g, respectively (Tidwell et al. 
1999a). In experiments conducted in 1999, it was found 
that substrate orientation (vertical versus horizontal) did 
not affect substrate efficacy (Tidwell et al. 2002). When 
addition of substrate was combined with higher stocking 
rates (64 500/ha) and increased feeding rates, production 



Fig. 10.3 Artificial substrate (PVC fencing) installed hor¬ 
izontally in a small (0.2 ha) production pond. 


rates exceeding 2500 kg/ha and average weights of more 
than 40 g were consistently achieved. 

Compared to many finfish species that can utilise the 
three-dimensional space which a pond environment pro¬ 
vides, freshwater prawns are strictly benthic animals and 
therefore limited by the two-dimensional surface area of 
the pond bottom. The concept of adding substrate is to 
provide the prawns access to the three-dimensional vol¬ 
ume, by increasing the amount of two-dimensional surface 
available in the pond. This management approach may help 
to make prawn production feasible in smaller, deeper ponds 
that were previously considered unsuitable. This is advan¬ 
tageous in hilly inland regions where suitable sites for large 
shallow ponds are very limited. 

Installation of substrate should be conducted as a part 
of pond preparation prior to stocking and is most practical 
before the pond is filled. Added substrate can be perma¬ 
nently installed in ponds equipped with catch-basins at the 
drain end. As the water is drained, prawns will leave the 
substrate and follow the flow of water to the catch basin. 
D’Abramo et al. (2006) describe the design of production 
ponds to achieve an efficient drain harvest. This drain har¬ 
vest approach eliminates the labour required for removal of 
substrate that would be required for a seine harvest. In addi¬ 
tion, the materials needed and labour involved in installing 
substrate can be amortised over several production cycles. 

While numerous studies have documented the positive 
impact of added substrate on individual prawn growth, to¬ 
tal pond production and feed conversion efficiencies, the 
mechanisms have not been clearly defined or identified. 
Potential benefits realised include reduced agonistic en¬ 
counter through physical separation of animals, increased 
production of natural foods, and even improved water qual¬ 
ity through the actions of attached periphyton (Tidwell & 
Bratvold 2005). 
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10.2.6 Harvesting 

In temperate regions the harvesting of the total pond pop¬ 
ulation of prawns must occur before water temperatures 
drop below 17°C (Plate 6, facing p. 254). However, some 
animals may attain marketable sizes four to six weeks before 
final harvest. In tropical regions, selective harvests have been 
implemented to improve total production by removing ag¬ 
gressive morphotypes, thereby disturbing an established 
behavioural hierarchy and allowing less dominant animals 
to respond with higher growth rates. In most temperate 
regions the time between the initiation of selective harvest 
and the temperature-imposed final harvest does not appear 
to be sufficiently long to justify this management practice. 
However, from a different point of view, a partial or selec¬ 
tive harvest may be beneficial if it spreads the marketing 
season over a longer period. General harvesting techniques 
for freshwater prawns are discussed in Chapter 9. 

The use of a seine is relatively inefficient for harvesting 
in temperate zone prawn culture. Seining without draining 
may leave >25% of the crop in the pond. Efficient total 
harvesting of batch production may be achieved through the 
addition of a catch basin within, or outside of, a drainable 
pond. When the water is drained, prawns are concentrated 
in the basin. Sufficient aeration must be provided to this 
basin to avoid any oxygen deficiencies. If a pond is properly 
constructed, then very few prawns will become trapped on 
the pond bottom during draining. In ponds with added 
substrate, the substrate can be left in place because prawns 
will move out of the substrate to the catch basin as the water 
level drops. 

Handling of prawns during and after harvest is par¬ 
tially determined by the type of market being addressed. 
In temperate areas where fresh, and especially live, markets 
are important, harvesting methods that reduce the inci¬ 
dence of handling must be employed to ensure long-term 
post-harvest survival. These methods include aeration of 
the harvest basin, purging in clean, aerated holding tanks, 
and harvesting and holding at lower water temperatures 
(20-22°C). 


10.3 Low input approach 

Semi-intensive culture technology is highly suited for the 
optimisation of the husbandry of crustacean species. This 
management practice is primarily characterised by a com¬ 
paratively lower input approach as established by the initial 
number of juveniles that are stocked and the type of feeding 
strategy that is followed during the culture period. The use 
of substrate is an essential component of low input culture 
to achieve the desired levels of production and mean harvest 
size that assures economic success. 


Under the management conditions that characterise the 
low input strategy, and the corresponding total prawn 
biomass that is expected at harvest, use of commercially 
manufactured, nutritionally complete, water stable, and 
formulated feeds is not needed. Rather, organic fertilisation 
practices, which enhance and sustain natural productivity 
during the culture period, provide natural pond organisms, 
particularly benthic macro-invertebrates, for consumption. 
The practice of organic fertilisation generates and main¬ 
tains a heterotrophically based (detrital) system within the 
pond. Tidwell et al. (1997) demonstrated that when natu¬ 
ral pond organisms are sufficiently available, pond popu¬ 
lations of M. rosenbergii will preferentially consume them 
when formulated food is also provided. Therefore, by pro¬ 
viding preferred natural food as a source of nutrients, the 
organic fertilisation practice is presumed to yield maxi¬ 
mum growth rates at any water temperature, as long as 
the benthic fauna do not become limiting. Using different 
sources of organic fertilisers, D’Abramo (2006) reported 
that for a 4.5 month growing season, production using or¬ 
ganic fertilisation practices in experimental earthen ponds 
ranged from 900 to 1050 kg/ha, based on initial stocking 
densities of 22 230/ha and a mean initial stocking weight 
of 0.26 g. Survival at harvest ranged from 79 to 84%. In a 
follow-up study (D’Abramo 8t Hanson 2007) designed to 
evaluate an array of rates of fertilisation, juvenile prawns 
of an initial weight of 0.39 g were stocked at a density of 
28 405/ha. After 3.7 months of culture, production ranged 
from 800 to 1012 kg/ha and survival ranged from 68 to 
83%. Both of these studies included the use of meshed sub¬ 
strate that was equivalent to 25% of the bottom surface 
area. Calculation of the area of the substrate needed was 
based upon its two-dimensional (length x height) surface 
area (material + mesh) of one side of the substrate material. 
The natural food that is produced by organic fertilisation 
and consumed by freshwater prawns lays the foundation for 
a product that should ultimately qualify as being certifiable 
as ‘organic’, once standards are finalised by the United States 
Department of Agriculture. An organic label would offer a 
unique opportunity to enter into a niche market where 
consumers are prepared to pay more for the product based 
upon the appealing conditions of culture (Chapter 19). 

10.3.1 Pond preparation and stocking 

Nursed juveniles with a mean weight of 0.25 to 0.40 g should 
be stocked to achieve the greatest production for the 4.0 to 
4.5 month growing period. For low input/semi-intensive 
systems, initial stocking densities should range from 20 000 
to 35 000/ha. At stocking densities below 25 000/ha the 
benefit of size grading has not been documented and the 
labour cost for grading juveniles is not included in the eco¬ 
nomic analysis. When densities exceed 25 000/ha, stocking 
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of graded juveniles is recommended. The application of an 
organic fertiliser to a production pond should begin no 
later than 3.5 to 4 weeks prior to stocking and begin with a 
single input of 168 kg/ha. This procedure is designed to ini¬ 
tiate the detrital based system (heterotrophically generated) 
condition of the pond and should be combined with main¬ 
taining levels of dissolved oxygen at levels above 5 mg/L, to 
aid in efficient bacterial degradation of the organic material 
being introduced. 

Approximately 4 days later, continuing fertiliser inputs 
should be initiated at a rate of 16.8 kg/ha every other day 
until stocking occurs or until water clarity is reduced to 
about 60 cm, as determined by a Secchi disc. Fertilisers that 
have been used include soybean meal, cottonseed meal, dis¬ 
tillers dried grains with solubles and corn gluten pellets. The 
choice of one or a combination of these fertilisers should 
be based at least partially upon reducing costs as much as 
possible. 


10.3.2 Fertilisation Practices 

A variety of commercially available, organic fertilisers have 
been tested and proved to be successful. They include com¬ 
binations of nutritional supplements used for terrestrial 
livestock such as range cubes and corn gluten pellets. Pel¬ 
leted wheat middlings in combination with corn gluten 
pellets have also proved to be successful (D’Abramo 2006). 
An organic fertiliser in pelleted form is preferred because 
this form facilitates even distribution across the pond, com¬ 
pared to a loose meal form. These fertilisers contain crude 
protein levels (17-20%) thatare lower than those (28-40%) 
of nutritionally complete formulated feeds for prawns or 
other pond cultured organisms. The lower crude protein 
content is attractive because costs are much lower. The 
total amount of fertiliser (kg/ha) needed for the growing 
season is 2.5 to 3.0 times the anticipated total prawn pro¬ 
duction at harvest (800-1100 kg/ha). The total amount of 
fertiliser required is proportionately divided into groups 
of weeks (Table 10.1). The prescribed fertiliser application 
rates are based upon changes in biomass of prawns and 
water temperature during the growing season. The amount 
of fertiliser to add per day is calculated by dividing the 
total amount of fertiliser allocated for a particular group 
of weeks by the number of days in that group. Presently, 
daily application is recommended, but future investigation 
may reveal that equally effective results can be realised with 
less frequent application, resulting in reduced labour costs. 
At the recommended low stocking densities, the prescribed 
organic fertilisation practices can produce prey biomass 
sufficient to sustain the growth of crustacean populations 
throughout the growing season. At the highest stocking 
density, 35 000/ha, natural food may become limiting to¬ 


Table 10.1 Proportional amount of the total amount of 
fertiliser to add for the different time periods during an 
18 week grow-out season 


Weeks 

Proportional Amount (%) 

1-5 

15 

6-10 

25 

11-15 

30 

16-18 

25 


wards the end of the growing season. The ability to achieve 
maximum production at this density may require a water 
stable pelletised food supplement that can be directly con¬ 
sumed by the prawns in addition to the continuation of 
fertilisation. 

10.3.3 Economics of low input production 

A weight frequency distribution of whole prawns harvested 
from low input ponds stocked at 28 405/ha (Fig. 10.4) shows 
that 44% of the population is greater than 44 g (0.1 kg) and 
24% of the population is greater than 56 g (0.12 kg). Per 
kilogram wholesale and retail prices of shrimp, whether 
whole or deheaded, increase as the size (weight) of the 
shrimp increases. In addition, these sizes of domestically 
produced shrimp are less susceptible to competition with 



Weight (g) 

Fig. 10.4 Weight frequency distribution of populations 
of whole prawns harvested from ponds that were stocked 
with juveniles at a density of 28 405/ha and organically 
fertilised. The duration of the grow-out period was 111 
days. 
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foreign imports because they proportionally constitute only 
19.5% of the 362 million kg of shrimp imported (in de- 
headed form) into the USA in 2006 (Leites 2006). Thus, 
these larger sizes are generally in higher demand and com¬ 
mand higher prices with potentially less competition. This 
higher selling price is combined with a substantial reduc¬ 
tion in overall production costs (less stocking costs and 
lower feed costs). D’Abramo & Hanson (2007) found that 
feeding costs for low input densities were reduced by ap¬ 
proximately 60% when comparatively lower protein pel¬ 
leted feeds are used as organic fertilizers in production 
ponds. The reduction translates into an approximately 25% 
decrease in variable costs. This saving, combined with the 
higher prices that larger sizes command in the wholesale and 
retail markets, dramatically increases the prospects for eco¬ 
nomic success. Using a farm consisting of 25, 0.8 ha ponds, 
a breakeven price using only variable (operating) costs was 
US$ 6.41/kg. When fixed and variable costs were combined, 
the breakeven price was determined to be US$ 7.75/kg. 

10.4 High technology culture 

In certain situations, intensive grow-out of prawns in tem¬ 
perate regions may be advantageous. If market demand 
is sufficiently strong, the producer may need to generate 
higher levels of production. To meet this demand in areas 
with rolling topography, high land prices or limited water 
availability, an increase in the yield of prawns produced 
within an existing pond may prove to be more cost effec¬ 
tive than building additional ponds. Management practices 
designed to increase production have addressed several in¬ 
dividual variables such as stocking density, size grading, 
added substrate, increased feed amounts and nutritional 
density, and aeration. To realise consistent, reproducible 
increases requires proper combinations of these individual 
variables. 

10.4.1 Pond preparation and stocking 

Proper pond preparation is especially important when high 
densities of juveniles are to be stocked so that maximum 
amounts of natural foods are present for the juvenile prawns 
during the first few weeks after stocking. Several organic 
materials can be used to stimulate natural productivity; 
these include grains and grain by-products, manures and 
old feeds. In combination with inorganic fertilisers, they es¬ 
tablish and maintain a healthy phytoplankton bloom, which 
increases the biomass of zooplankton and benthic inverte¬ 
brates that are consumed by the prawns. Prawns may also 
consume some of these organic fertilisers directly (Tidwell 
et al. 1997). Fertilisation regimes and rates designed for 
finfish nursery ponds are probably suitable. 


In high density prawn culture, the practice of using artifi¬ 
cial substrate is probably essential to maintain large average 
harvest sizes at high stocking densities. For high density 
culture stocking rates will range from 60 000/ha to as high 
as 75 000/ha. With a limited annual growing season of 120 
to 150 days, juveniles of 0.25 to 0.50 g are needed to achieve 
marketable sizes of more than 20 g. For high stocking densi¬ 
ties not only a greater number of juveniles are required but 
also juveniles of sufficient size, in order to address density 
effects. 

10.4.2 Size grading juveniles 

The effects of stocking different fractions of size-graded 
juvenile prawns in high density production have been 
evaluated by Tidwell et al. (2004a). Juveniles from a 
60 day nursery phase were separated into three groups (un¬ 
graded controls, upper grade and lower grade) using a #13 
bar grader (0.5 cm spacing). These different groups were 
stocked at 60 000/ha into each of three 0.04 ha ponds that 
contained artificial substrate consisting of 120 cm wide pan¬ 
els of polyethylene (‘construction/safety fence’) to increase 
available surface area by 50%. 

After 105 days of grow-out, overall survival was 88% and 
not significantly different among treatments. Total produc¬ 
tion and average individual weight of prawns stocked from 
the high-grade fraction (3310 kg/ha; 43 g) were significantly 
greater and feed conversion ratio (FCR) was significantly 
lower (2.0:1) than in other treatments. Total production 
and average weight of prawns stocked from the ungraded 
(2888 kg/ha; 36 g) and low graded fractions (2560 kg/ha; 
35 g) were not significantly different. Marketable produc¬ 
tion (kg/ha) was significantly higher in the high-grade treat¬ 
ment based on minimum marketable weights of both 20 
and 30 g. The impact of grading procedures on popula¬ 
tion structures was much more pronounced in females 
than in males. The percentage of sexually mature repro¬ 
ductive females was 85% in high-graded populations, sig¬ 
nificantly higher than that of the ungraded and low graded 
populations. 

10.4.3 Substrate 

The positive effects of added substrate become more pro¬ 
nounced at higher densities and are in fact essential to 
achieve marketable target weights at the upper end of 
the stocking density range. In high density prawn ponds 
(74000/ha) the increased availability of surface area (0%, 
40% and 80%), in the form of horizontal strips of polyethy¬ 
lene, produced a direct linear increase (r 2 = 0.89) in to¬ 
tal production with no significant difference in average 
weight (Tidwell et al. 2000a). There was an inverse linear 
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relationship between available surface area and FCRs 
(P < 0.01, r 2 = 0.66), suggesting a substrate-related in¬ 
crease in the availability of natural foods and/or a reduction 
in the incidence of aggressive interaction among animals. 
The percentage of females that achieved sexual maturity 
increased as the amount of added substrate increased. Size 
and number of other sexual morphotypes were not signif¬ 
icantly affected. These responses are similar to those pop¬ 
ulation structure changes observed by Cohen et al. (1981) 
when stocking densities are decreased. 

Higher levels of substrate inclusion became possible 
when results of an investigation showed that substrate ori¬ 
ented vertically in production ponds was as effective as that 
when the substrate was layered horizontally. Ponds were all 
stocked at 65 000/ha and provided with vertical substrate 
to provide either 0 (control), 50 or 100% increases in sur¬ 
face area (Tidwell et al. 2002). After 106 culture days, there 
were no significant differences in average weight (42 g), sur¬ 
vival (89%) and FCR (2.7:1) among treatments. However, 
total yield from ponds with 100% increase in surface area 
(2653 kg/ha) was significantly greater than that from con¬ 
trol ponds (2140 kg/ha). Ponds containing a 50% increase 
in surface area had yields (2452 kg/ha) midway between 
control ponds and those with a 100% increase in surface 
area. These data indicate that adding substrate continues 
to increase prawn production up to at least an increase of 
100% in available surface area. Statistical modelling of the 
relationships among amount of added substrate, number 
of prawns stocked and average size at harvest indicate that 
0.1 to 0.2 m 2 of added substrate are needed per prawn to 
achieve average weights of >35 g in high density culture 
(J. Tidwell, unpublished data). 

As noted in section 10.2.5.2, potential mechanisms 
for the positive impacts of added substrate include re¬ 
duced negative interactions based on physical separation 
of prawns, increased availability of natural foods, and even 
improved water quality due to the actions of attached pe¬ 
riphyton. The relative effectiveness of different substrate 
types may be based upon how the physical characteristics 
of the substrate materials contribute to one or more of 
mechanisms that are assumed to be responsible for the ob¬ 
served growth and survival enhancing responses. To test the 
impacts of these variables, surface area, mesh size, colour 
and texture of substrate (Fig. 10.5) were evaluated during 
a two year study (Tidwell & Coyle 2008). The different 
substrate treatments were compared to a control treatment 
(no substrate) in outdoor tanks during the first year. The 
most promising substrate materials from that trial were 
then investigated under pond conditions during the fol¬ 
lowing year. For Year 1, juvenile prawns (0.4 ± 0.2 g) were 
stocked at 123/m 2 of tank bottom into twenty-one 18000L 
fibreglass tanks managed as pond microcosms. Substrates 
were positioned vertically at a rate sufficient to increase the 
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Fig. 10.5 Substrate materials compared. (Reproduced 
with permission of Charles Weibel.) 


bottom surface area by 100%. Prawns were fed a 32% crude 
protein sinking prawn diet according to a feed schedule. 
After 110 days, there was no significant difference in sur¬ 
vival among treatments, averaging 72.6% overall. Prawns 
in the control treatment had significantly lower average 
weights (9.5 g), lower production (1342 kg/ha) and higher 
FCR (2.5:1) than those in the substrate treatments, which 
were not significantly different from one another, averag¬ 
ing 13.4g, 2404 kg/ha, and 1.3:1, respectively. For Year 2, a 
lightweight polyethylene bird netting (the lowest cost ma¬ 
terial from Year 1) was compared to the substrate most 
commonly used in commercial production (heavyweight 
orange polyethylene safety fencing) under practical pond 
conditions. Juvenile prawns (0.8 ± 0.3 g) were stocked at 
61600/ha into six 0.04 ha earthen ponds. Each substrate 
treatment was randomly assigned to three ponds (repli¬ 
cates). After 101 days, survival (91%), average weight (34 g), 
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total production (2150 kg/ha) and FCR(3.1:1) did not differ 
significantly between treatments. In these studies, physical 
characteristics of the substrate materials did not signifi¬ 
cantly impact prawn production. However, the presence of 
any of the substrate materials provided significant advan¬ 
tages over no substrate. When compared to the previously 
recommended and commonly used substrate material, the 
lightweight netting notably represents a 68% saving in cost. 

10.4.4 Feeds and feeding 

Earlier studies have shown that natural productivity can 
support prawn biomass densities up to approximately 
250 kg/ha. Organic fertilisation can achieve production lev¬ 
els of approximately 800 to 1000 kg/ha (see section 10.3.2). 
To achieve higher levels of production at higher stocking 
densities without sacrificing a reduction in harvest weight, 
feeding a pelleted, water stable, nutritionally supplemental 
or complete prawn feed becomes necessary. At even higher 
biomass densities, more nutrient dense diets might be ad¬ 
vantageous. Coyle etal. (2003) conducted a feeding trial in 
high density grow-out ponds (85 500/ha) to compare ‘phase 
feeding’ (feeding increasingly nutrient dense diets as prawn 
biomass increases) with the exclusive use of a high protein 
(40% crude protein) penaeid shrimp feed throughout the 
growing season. In the ‘phase fed’ treatment, prawns were 
fed unpelleted distillers’ grains with solubles (DDGS) for 
the first 4 weeks, then a 28% crude protein prawn diet for 
weeks 5-12, and finally a 40% crude protein penaeid ‘finish¬ 
ing’ diet for weeks 13 to 16. Three 0.04 ha ponds (replicates) 
were assigned to each treatment. All ponds were stocked 
with 59 280 juveniles/ha and were provided with artificial 
substrate in the form of a polyethylene ‘safety fence’ ori¬ 
ented vertically and sufficient to increase available surface 
area by 50%. After 106 culture days, yield, individual weight, 
FCR and survival were not significantly different between 
treatments, averaging 2575 kg/ha, 46 g, 2.3:1 and 94%, re¬ 
spectively. Exclusive feeding of the penaeid diet resulted in 
a 38% increase in the cost of feed. 

In a subsequent phase feeding study, Coyle et al. (2004) 
compared ‘phase-feeding’ to the feeding of a 28% pro¬ 
tein, steam-pelleted diet throughout the production period. 
There were three replicate 0.02 ha ponds for each treatment. 
All ponds were stocked at 87 500/ha and were provided 
with artificial substrate in the form of polyethylene ‘safety 
fence’ oriented vertically to increase available surface area 
by 50%. After 97 culture days, production, average individ¬ 
ual weight, FCR and survival averaged 2272 kg/ha, 28.4 g, 
2.2:1 and 92% overall and were not significantly different 
between treatments. However, in the phase-fed treatment, 
the percentage of harvested prawns that weighed more than 
30 g increased by approximately 20%. Overall, the break¬ 
even price for prawns in the phase-treatment was increased 


by US$ 1.00/kg. There appears to be little benefit from feed¬ 
ing expensive marine shrimp diets to freshwater prawns, 
even during a portion of the grow-out period. However, if 
the market being addressed requires, or pays more for, large 
animals, some added expense may be justified. 

10.4.5 Combining technologies 

Many previously described studies have exclusively evalu¬ 
ated the impact of new technologies (substrate) or man¬ 
agement techniques (grading) and their effects appear to 
be additive (Table 10.2). However, confronted with greater 
initial investments, some private producers have been re¬ 
luctant to adopt these practices (though many low input 
producers have adopted the use of substrate and grading). 
Studies evaluating the benefit of these independent tech¬ 
nologies have been conducted over a number of growing 
seasons, each with their different environmental conditions. 
To address this, Tidwell et al. (2004b) directly compared 
three technologies: 

(1) a previously recommended, and widely used technol¬ 
ogy (39 200/ha; ungraded juveniles; no substrate), desig¬ 
nated original technology (OT) (D’Abramo etal. 1995); 

(2) an intensified version of that technology used by some 
producers (54 340/ha; ungraded juveniles; no substrate), 
designated modified technology (MT), and 

(3) a combined technology (69 160/ha; graded juveniles; 
with substrate; phase feeding) developed through a series 
of separate research trials to maximise production under 
standardised conditions and designated high technology 
(HT). 

Each of the seven 0.04 ha ponds were randomly assigned to 
either the OT, MT or HT treatment with 2,3 and 2 replicate 
ponds per treatment, respectively. Ungraded (0.6 ± 0.3 g) 
or graded (0.9 ± 0.3 g) juvenile prawns were stocked ac¬ 
cording to treatment and artificial substrate was added to 
the HT treatment ponds at a rate that increased available 
surface area by 50%. Prawns in the OT and MT treat¬ 
ment ponds were fed a 32% crude protein sinking pellet 
according to a feeding table. HT treatment ponds were 
phase fed (as described in section 10.4.4) at rates that were 
20% higher than the feed table recommendations. After 104 
days, survival in the HT treatment ponds (92%) was sig¬ 
nificantly higher than in the MT treatment ponds (83%), 
with the OT treatment ponds being intermediate (88%). 
Compared to the OT treatment, the MT treatment signifi¬ 
cantly increased total production; however, average weight 
was significantly lower, so that production of marketable 
size animals (>20 g) or premium size animals (>30g) did 
not significantly increase (i.e. the increase in production for 



Table 10.2 Effect of different management practices on percent increase of mean individual harvest weight and total production of freshwater prawns 
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the MT treatment was in sub-marketable animals). Com¬ 
pared to the OT treatment, the HT treatment significantly 
increased production (92%), average weight (6%), mar¬ 
ketable production (>20g) (140%), production of pre¬ 
mium size animals (>30g) (130%) and feed efficiency 
(32%). Despite higher initial costs, the move from the OT 
to the HT reduced breakeven costs by 13% based on oper¬ 
ating costs and 22% based on total (fixed and operating) 
costs. Therefore, adoption of the HT approach appears to 
be biologically and economically feasible if similar results 
can be obtained in commercial scale ponds. 

Culturing an additional species with prawns in the same 
production ponds (polyculture) in temperate climates is 
an optional practice. Previous attempts assumed that the 
prawns and the polycultured species would compete for 
pond resources so prawn stocking rates in polyculture were 
reduced compared to prawn monoculture (Heinen et al. 
1987; D’Abramo etal 1986). However, if prawns and a fish 
species can coexist independently and additively, especially 
if interaction and competition are limited by confining 
the finfish within suspended cages (Tidwell et al. 2000b), 
then the prawn stocking rates may not need to be reduced. 
Also, use of filter feeding finfish species might reduce 
phytoplankton densities, potentially helping to reduce high 
pH during the afternoon, a problem that can occur in HT 
prawn culture. 

Danaher et al. (2007) conducted a study on the effects 
of different densities of caged Nile tilapia (Oreochromis 
niloticus) on water quality, phytoplankton populations, 
prawn production and total pond production in freshwater 
prawn production ponds. Each of nine 0.04 ha ponds was 
stocked with top-graded, 60 day nursed juvenile prawns 
(0.93 ± 0.58 g) at 69 000/ha. There were three ponds (repli¬ 
cates) per treatment. Control ponds contained only prawns. 
Low-density polyculture (LDP) and high-density polycul¬ 
ture (HDP) ponds also contained 2 cages or 4 cages, re¬ 
spectively, that were stocked with monosex male tilapia 
(115.6 ± 22 g) at 100/m 3 . The cages were round and 1 m 3 
in volume so that stocking densities of the LDP and HDP 
treatments were 4940 and 9880/ha, respectively. Mechanical 
water circulators and artificial substrate were present in all 
ponds. Tilapia were fed a 32% crude protein floating pellet 
once daily to satiation, while the prawn were fed a 32% 
crude protein sinking prawn diet, distributed evenly across 
the pond, twice daily according to a feed schedule. Total 
culture periods for tilapia and the prawns were 106 and 
114 days, respectively. When evaluated over the total study 
period, overall pH was significantly lower in polyculture 
ponds than in prawn monoculture ponds, but not signif¬ 
icantly different between the LDP and HDP treatments. 
A reduced phytoplankton cell size was observed in tilapia 
treatments, indicating selective cropping of phytoplankton 
populations by tilapia. Tilapia FCR and survival in poly¬ 


culture treatments were unaffected by density. At harvest, 
tilapia in the LDP treatment were significantly larger than 
those in the HDP treatment. Prawn survival averaged 85% 
overall and did not differ significantly between treatments. 
The average weights of prawns in both polycultured treat¬ 
ments were significantly higher than those of prawns grown 
in monoculture. Prawn production in the HDP treatment 
was significantly higher than that of the LDP treatment and 
both were higher than the prawn monoculture treatment. 
Prawn feed conversion efficiency was significantly improved 
in polyculture treatments. The percentage of large prawns 
(>30g) in both polyculture treatments was significantly 
higher than that of the control treatment. Compared to 
prawn monoculture, prawn production in the LDP and 
the HDP increased 12 and 28%, respectively, and total 
pond production (prawns and fish) was increased 300 and 
492%, respectively. Economic analysis indicated that LDP 
and HDP increased net returns by 339 and 561%, respec¬ 
tively, when compared to prawn monoculture. Net returns 
from the HDP treatment were 165% higher than that for 
LDP. These data indicate that a tilapia and freshwater prawn 
polyculture system may provide some pH control while in¬ 
creasing potential revenue from the production pond dur¬ 
ing the restricted growing season of temperate climates. 


10.4.6 Economics of high technology 
prawn production 

Dasgupta & Tidwell (2003) compared breakeven prices of 
different technologies using research data generated over 
a period of 10 years (1991-2000). Technologies used prior 
to 1996 involved stocking juveniles at rates between 20 000 
and 40 000/ha and feeding a 32% crude protein commer¬ 
cially manufactured prawn diet, resulting in an average yield 
of approximately 1000 kg/ha. Thereafter, with the addition 
of artificial substrate in 1998, mean pond production in¬ 
creased to more than 1500 kg/ha. Although stocking and 
feeding rates increased with substrate use, the average FCR 
decreased, indicating more efficient feed usage. In 1998 and 
thereafter, a phase feeding practice (as described in section 
10.4.4) with higher feeding rates, was introduced. These 
feeding practices, in conjunction with a higher stocking 
density, substrate use, etc., have produced average yields 
that exceed 2500 kg/ha (in 1999 and 2000). These yields 
have been confirmed in commercial enterprise settings. 

While this technological evolution has steadily increased 
average yields, total production costs have also increased. 
However, breakeven price of production decreased from 
US$ 18.37/kg (1991) to US$ 9.93/kg (2000). Breakeven price 
analyses (which incorporate output, input quantity and 
price risk assessment) indicate that the technology devel¬ 
oped in 2000, using intensive stocking, phase feeding and 
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artificial substrate, is the most competitive. The data refer¬ 
enced above were generated, as stated, over a 10 year pe¬ 
riod with different environmental conditions, feed sources, 
etc. In a previously described study, Tidwell et al. (2004b) 
directly compared OT, MT and HT in replicate research 
ponds, as described in section 10.4.5). When only oper¬ 
ating costs are covered, the breakeven price (US$ 6.75/kg) 
of MT was slightly higher than that of OT (US$ 6.62/kg). 
The HT had the lowest breakeven price (US$ 5.74/kg), 
which was 13% lower than that of the OT and 15% lower 
than that of the MT. When calculated on a total cost ba¬ 
sis (fixed plus variable costs), the breakeven cost for the 
MT (US$ 9.99/kg) was, under these conditions, lower than 
that for the OT (US$ 10.45/kg). However, the HT again re¬ 
sulted in the lowest breakeven price (US$ 8.12/kg), which 
was 22% less than that of the OT and 19% less than that 
of the MT. The breakeven price (fixed plus variable costs) 
of the HT compares well to that of the previously stated 
price of US$ 7.75 achieved for the low input strategy (see 
section 10.3.3). 

10.5 Marketing strategies 

The general marketing principles applied to freshwater 
prawn farming are discussed in Chapter 19. Successful 
commercial culture of freshwater prawns in temperate re¬ 
gions would allow prawns to be raised in close proxim¬ 
ity to inland urban markets where product forms such as 
head-on, live, or even fresh product are usually unavailable 
(Fig. 10.6). In these regions freshwater prawns may be con¬ 
sidered in a pricing structure that is separate from frozen 
marine shrimp. In Kentucky, USA, farm-gate prices for live 
freshwater prawns of mixed sizes achieve US$ 13.2-22.0/kg. 



Fig. 10.6 A family-owned supermarket in Toronto, 
Canada, that offers live prawns and fish. 


Higher selling prices should compensate for the lower an¬ 
nual yields imposed by seasonal production in temperate 
regions. 

The higher selling prices that prawns need to command 
when compared to frozen shrimp tails might also be justified 
relative to size and quality. Financial pressures originating 
from the frequent incidence of disease (Chamberlain 1994) 
have caused marine shrimp to be harvested at compara¬ 
tively small sizes, resulting in an over-abundance of small 
to medium sizes but an insufficient supply of larger sizes. 
In fact, many of the larger size and higher priced deheaded 
‘shrimp’ currently being sold in markets in the USA are ac¬ 
tually deheaded freshwater prawns. Prawn producers who 
have established a goal of producing large average sizes are 
readily locating markets for individuals that weigh more 
than 35 g (whole). 

Also, there is an increasing desire on the part of con¬ 
sumers to know something about the conditions under 
which their food is raised and whether they are organically 
grown. Consumer acceptance may be enhanced by knowl¬ 
edge of the sustainability, responsibility, or other character¬ 
istics of their production methodology (Chapter 24). These 
consumer preferences provide an opportunity for produc¬ 
ers in temperate regions who are close to potential markets 
to demonstrate their rearing techniques to the public. The 
development of regional ‘festivals’, based on the harvest 
and consumption of fresh product or selling the product 
in farmers’ markets, could further offer the opportunity to 
educate consumers about how prawns meet their particular 
expectations. 

10.6 Summary of the potential 

The data discussed in this chapter indicate that more eco¬ 
nomically viable culture of M. rosenbergii can be extended 
to cooler latitudes than previously considered possible. Re¬ 
cently, different management approaches have evolved, as 
outlined in this chapter. The Low Input approach em¬ 
phasises minimising input costs and maximising average 
weights using low stocking rates, the application of or¬ 
ganic fertilisers rather than feeds at comparatively low rates 
(<40 kg/ha/day), and substrates. The HT approach empha¬ 
sises production maximisation by combining the stocking 
of size graded juveniles, at high stocking densities, with pel¬ 
leted feeds at relatively high feeding rates (<65 kg/ha/day), 
with added substrates in the ponds. Breakeven costs of the 
two approaches are reported to be similar. 

While these different recommendations contrast signifi¬ 
cantly, they actually represent adaptations to regional differ¬ 
ences in topography, pond construction costs and average 
pond sizes. In flat land areas, with lower pond construc¬ 
tion costs and larger pond sizes (0.4-0.8ha), a low input 
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approach appears the most promising. In areas of uneven 
topography, high pond construction costs and small pond 
sizes (<0.4 ha), an HT approach may be optimal. Regard¬ 
less of what approach is followed, capitalising on unique 
markets for whole, live or fresh product will be essential for 
profitability. 
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Polyculture, the art and science of growing two or more 
compatible aquatic species together in a single pond, 
has the objective of maximising production using or¬ 
ganisms with different feeding habits or spatial distribu¬ 
tion. It is distinct from integrated systems, which combine 
aquaculture with the farming of terrestrial animals and 
plants. 

Hepher & Pruginin (1981) described the most important 
aspect of polyculture as the ability to increase productivity 
through a more efficient utilisation of the natural food avail¬ 
able. However, there is a consensus that the inclusion of a 
higher value species - even though this may not necessarily 
result in an increase in productivity - can yield a signifi¬ 
cantly higher income for the farmer. Primavera (2002) ob¬ 
served that grow-out systems need to reduce and mitigate 
the negative ecological impacts associated with resource 
utilisation and waste production. The increasing focus on 
high-value carnivores such as shrimp and salmon, and their 
intensive culture in ponds, pens and cages, caused eutroph¬ 
ication, sedimentation and salinisation. There is a need to 
become more environmentally responsible through the de¬ 
velopment and wider dissemination of available on-farm 
technologies such as the integration of aquatic species, and 
the integration of aquaculture with agriculture/silviculture. 
The priorities of a polyculture system are: a more rational 
use of the pond with species having different feeding habits; 
the additional income from certain low-density species; 
and, most of all, the increased production of the species 
most in demand from the market - generally the freshwater 
prawn itself. 

Knowledge of the feeding habits of the species that will 
be cultured with the freshwater prawns is essential. Ponds 
may have a large number of food niches, but not all may 
be present in abundance at the same time. For example, 
channel catfish grow-out ponds may lack filamentous algae 
and higher plants; milkfish ponds may have an abundance 
of filamentous algae and zooplankton but are deficient in 
phytoplankton. Also, some fish feed on the faeces of other 


fish; for example, Avault (1996) noted that tilapia feed on 
the faeces of common carp, which in turn feed on the faeces 
of silver carp. 

The polyculture of fish is common in tropical aquacul¬ 
ture, but it is less usual for freshwater prawns to be included, 
despite the considerable amount of research on the subject. 
Brown et al. (1991) commented that polyculture consider¬ 
ably complicates the grow-out management of prawns. New 
(1990,1995) noted that the results of polyculture studies of 
Macrobrachium rosenbergii with fish and other crustaceans 
present a rather confused picture. These reviews show that 
while some workers in the USA reported that the presence 
of tilapia did not depress the growth of prawns (and that the 
presence of prawns and crawfish did not affect the growth 
of tilapia), others reported that tilapia reproduction had 
an adverse effect on prawn yield. In the latter case, how¬ 
ever, prawn-tilapia polyculture still provided a potentially 
greater net return than prawn monoculture. There seems 
to be difference in prawn-tilapia interactions when they 
are grown together freely in the same pond and when the 
tilapia are confined in cages in the same pond. In Israel, 
some workers found that prawn yield was influenced only 
by prawn stocking rate and not by the species of fish used 
(common carp, tilapia and various Chinese carps) or by 
different fish stocking rates or different feeding and ma¬ 
nuring regimes. However, the growth of carp and tilapia 
polycultured with prawns appeared to be strongly affected 
by the number of tilapia stocked and the feeding/manuring 
strategy. The efficacy of periphyton as feed for prawns and 
tilapia in polyculture has been extensively studied by several 
researchers from Bangladesh. 

This chapter reviews the interactions between freshwa¬ 
ter prawns (generally M. rosenbergii) and other aquatic 
species with which they are polycultured, the management 
of prawn polyculture systems, and prawn-crop integra¬ 
tion. Readers are also referred to Chapter 17, which con¬ 
tains many references to polyculture practices in individual 
countries. 
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11.1 Fish and prawn interactions 

Freshwater prawns have been polycultured with a variety 
of compatible species of fish and crustaceans and their 
interactions in terms of food niches and habitats vary 
from situation to situation. The most commonly used 
species are: tilapias; common, silver, grass and bighead carps 
(Cohen & Ra’anan 1983; Cohen et al. 1983; Wohlfarth 
et al. 1985); and catfish (Miltner et al. 1983; Heinen et al. 
1987). Recently the mola carplet ( Amblypharyngodon mola) 
has been tried for polyculture with prawns in Bangladesh 
(Kunda et al. 2007). The presence of all these fish species 
results in improvements in water quality. Similarly, most 
occupy a food niche which is complementary to freshwater 
prawns. 

According to Hepher & Pruginin (1981), tilapia and 
prawns feed on benthic detritus in a multi-species poly¬ 
culture system, decreasing the amount of material to be 
decomposed by bacteria and thus reducing the biochem¬ 
ical oxygen demand. In addition, tilapia and freshwater 
prawns consume the faeces of grass and common carp. 
Common carp feed on partially digested algae from silver 
carp faeces. While prawns are not able to ‘filter’ free algae 
directly from water, Nile tilapia ( Oreochromis niloticus) have 
the ability to filter-feed on phytoplankton (Perschbacher & 
Lorio 1993; Turker et al. 2003a,b) and, concomitantly, pro¬ 
duce a second crop of marketable animals in polyculture 
systems (Dos Santos & Valenti 2002). The increase in di¬ 
versity and density of animals in polyculture also reduces 
the populations of unwanted species. Hepher & Pruginin 
(1981) made special reference to the filtering capacity of 
silver carp, which feed on microscopic (30-40 gm) phyto¬ 
plankton, emphasising that this is an appropriate species 
for polyculture with other carps and M. rosenbergii. The 
authors stated that one 250 g fish can filter up to 32 L of 
water per day. From 500 to 600 g, they can grow about 
lOg/day in polyculture. Silver carp prevent sudden algal 
blooms. Despite all these advantages, marketing silver carp, 
a fish with many bones, is a problem because this species 
only commands a low price. Parameswaran et al. (1992) 
showed that the polyculture of freshwater prawns with the 
Indian carp rohu ( Labeo rohita), together with silver (Hy- 
pophthalmichthys molitrix) and grass (Ctenopharyngodon 
idella) carps, enhanced total production. In addition, the 
carp prevented the growth of phytoplankton, zooplankton, 
macro-vegetation and filamentous algae from getting out of 
control. 

Although tilapia and freshwater prawns have been shown 
to be good complimentary species (Brick & Stickney 1979; 
Rouse & Stickney 1982; Meriwether et al. 1984; Rouse 
et al. 1987; Garcia-Perez & Alston 2000; Garcia-Perez et 
al. 2000; Dos Santos & Valenti 2002), Uddin et al. (2007a) 
observed that gut content analysis showed that both species 


strongly preferred phytoplankton above zooplankton when 
in polyculture, and there was considerable overlap in their 
food preferences. An important factor influencing the com¬ 
patibility of prawn-fish interactions is the size of animals 
stocked. If prawns are stocked too small they are vulnera¬ 
ble to fish predation. Conversely, large prawns may predate 
on fish fry, so careful management practices are essential. 
Cannibalism amongst prawns does not seem to be exacer¬ 
bated by the presence of other fish or crustaceans. Martino 
& Wilson (1986), comparing the feeding behaviour and 
growth of prawns with two very similar species in terms 
of feeding habits, namely the Mossambica tilapia ( Ore¬ 
ochromis mossambicus) and the American crawfish ( Pro- 
cambarus clarkii ), concluded that most observed interac¬ 
tions were intraspecific, and that the cannibalism which 
was detected amongst crustaceans was not influenced by 
the presence of tilapia. Garcia-Perez & Alston (2000), while 
comparing the production of tilapia and freshwater prawn 
under monoculture and polyculture in Puerto Rico, ob¬ 
served that there is potential of negative interaction when 
tilapia are grown in ponds, including competition over 
food, unintended and uncontrolled reproduction by tilapia, 
and the necessity of manual species separation at harvest; 
however, the economic returns increased by 21%. These 
negative factors can be eliminated by confining the tilapia 
in cages (Pagan-Font 1975; Guerrero 1982; Petersen 1982; 
Rouse 8t Stickney 1982; Heinen et al. 1987; Garcia-Perez & 
Alston 2000). However, cage confinement, while report¬ 
edly increasing total pond productivity by 81 % from poly¬ 
culture (Tidwell et al. 2000) might reduce the ability of 
tilapia to efficiently harvest phytoplankton for pH con¬ 
trol. In a 12-week prawn feeding trial with juvenile Nile 
tilapia (Oreochromis niloticus) in 1 m 3 cages suspended in 
a 0.2 ha pond stocked with juvenile M. rosenbergii at 4/m 2 , 
Tidwell et al. (2000) observed that total pond productivity 
increased by about 81% to 2625 kg/ha compared to prawn 
production of 1449 kg/ha in monoculture; this suggests that 
polyculture of tilapia may improve overall pond efficiency 
in freshwater prawn production ponds, even at temperate 
latitudes. 

The qualitative and quantitative contributions of sup¬ 
plied feeds and naturally occurring foods to the growth of 
most fish and prawns in polyculture are not well known. 
M. rosenbergii has been classified as a benthophagic om¬ 
nivore, based on analyses of stomach contents (Cohen & 
Ra’anan 1983). D’Abramo et al. (1986) noted that prawns 
stocked as postlarvae (PL) and juveniles could be success¬ 
fully cultured with channel catfish, either stocked as fry, 
fingerlings or food-size fish. However, their ecological rela¬ 
tionship was not well known. ‘Unfed’ polycultured prawns 
in catfish ponds subsist principally on faeces, or formu¬ 
lated feed not consumed by the fish, and to a lesser extent 
on aquatic biota. Lilyestrom et al. (1987) also showed that 
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when polycultured with channel catfish (Ictalurus puncta- 
tus) fed formulated rations, freshwater prawns made less use 
of the artificial feed than the catfish. Examination showed 
that the stomach contents of catfish were dominated by 
formulated rations, while those of freshwater prawns con¬ 
tained macrophyte fragments as well as the catfish feed and 
faeces. It was concluded that formulated feeds contributed 
68 to 99% of catfish growth, and ‘natural’ pond biota, prin¬ 
cipally insects, the remainder. These authors concluded that 
the phytoplanktonic and the detrital food webs were both 
important, albeit for different developmental stages. In this 
study, seston and macrophytes contributed 18 to 75% of 
prawn growth, and formulated feeds the remainder. The 
prawns fed on seston at small sizes (<7 g) but consumed 
more aquatic macrophytes and formulated catfish diet at 
larger sizes (>7 g). This may also happen with other fish 
species polycultured with M. rosenbergii. Despite the fact 
that prawns did not compete well with catfish for pelleted 
feed, Lilyestrom et al (1987) reported that polyculture ap¬ 
peared to have no adverse effect on the survival, growth or 
yield of either species. 

Uddin et al. (2006) observed that the survival of tilapia 
was significantly higher in polyculture whereas that of 
prawns was significantly higher in monoculture, indicat¬ 
ing the existence of intra- and inter- specific antagonis¬ 
tic behaviours of the former for food and space, and the 
tilapia might have affected prawn survival during moulting 
in polyculture ponds. On the other hand, the addition of 
substrates minimised territoriality of freshwater prawn es¬ 
pecially in monoculture ponds. Although the survival of 
freshwater prawns was not affected by their own stock¬ 
ing density, individual weight gain was significantly lower 
in ponds stocked with the highest number of freshwater 
prawns because of obvious intraspecific competition. These 
authors assumed that the synergistic benefits of stocking 
tilapia and freshwater prawns in polyculture ponds com¬ 
pensate for any inters-specific or intra-specific dietary com¬ 
petition when stocked at a ratio of 3:1, as this combination 
gave the highest combined production. Nevertheless, they 
recommended that alternative approaches, such as caged 
tilapia in freshwater prawn culture or caged freshwater 
prawn in tilapia culture, should be developed to minimise 
the antagonistic behaviour of tilapia on its co-inhabiting 
species. In the latter case, artificial feed can only be pro¬ 
vided to freshwater prawns, whereas tilapia could depend 
on natural food. 

Another area of study that affects polyculture sys¬ 
tems, namely the chemical communication among aquatic 
species and its effect on behaviour, may also prove to be 
of interest when crustaceans are included in the system. 
In crustaceans, chemical communication occurs in a va¬ 
riety of forms. One example is that of the ‘disturbance 
pheromones’ reported in crawfish, whereby non-injurious 


stress or disturbance to crawfish results in the release of 
chemicals which other crawfish can detect. Recipient craw¬ 
fish appear to go on low-level alert when the chemicals 
are detected (Hazlett 1990). This may also occur with 
M. rosenbergii. Most of the pheromones that have been stud¬ 
ied are sexual in nature, such as the humoral pheromone 
17-alpha, 20-beta-dihydroxy-4-pregnen-3-one (17,20 p- 
P), gonadotropin hormone (GTH) and prostaglandins 
(PGFs). 

Almost all studies on the chemical communication of 
aquatic species concern finfish, particularly carps, tilapia 
and goldfish, and 17,20 p-P. Zheng et al. (1995) applied 
sex pheromones to enhance fertility in male cyprinids. In 
common carp, the stimulatory pheromonal effect of 17,20 
P-P on milt volume did not occur if fish were exposed 
and stripped at frequent intervals (3-7 days). In goldfish, 
17,20 p-P exposure increases fertilisation rate at the onset of 
spawning. Bjerselius et al. (1995) evaluated the endocrine, 
gonadal and behavioural responses of wild male crucian 
carp to the same humoral pheromone and concluded that 
the male carp uses the 17,20 p-P signal from the females 
to prepare for the coming spawning. The results of a study 
conducted by Stacey et al. (1994) suggested that 17,20 p-P 
has a pheromonal role in milt production in common carp 
similar to that demonstrated in goldfish. These authors 
concluded that waterborne 17,20 P-P might be a practical 
non-invasive technique for enhancing milt production in 
cultured common carp. 

This topic has been briefly introduced into this chapter 
because fish sexual pheromones may also have a role to play 
in prawn polyculture, if the fish used attain sexual matura¬ 
tion. Tilapias will certainly do so, since their life span under 
culture is similar to Macrobrachium. It is quite common 
in sub-tropical areas (e.g. Brazil) to include tilapias and 
prawns in the second year of carp production, in order to 
fully utilise the final summer season. Under these condi¬ 
tions, carps may also produce sexual pheromones. There 
is a need for further studies on this subject, and on the 
possible effects of fish pheromones on prawn growth and 
vice versa. 

11.2 Management of prawn 
polyculture systems 

In order to design a polyculture system it is necessary to 
consider species compatibility, interactions with the envi¬ 
ronment, stocking size and, essentially, the targeted market 
and its economics. The production costs of prawn cul¬ 
ture may be lowered by the correct choice of fish species 
and their stocking rates. Fish that ‘filter’ the pond water 
are quite efficient in this respect. In a review on the poly¬ 
culture of the freshwater prawn M. rosenbergii with other 
aquatic species, Zimmermann & Rodrigues (1998) found 
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more than 50 papers on the subject. Among them, 37 ref¬ 
erences involved ‘filtering’ fishes, i.e. phytoplanktophagous 
species such as silver carp and tilapias. Other papers referred 
to the polyculture of M. rosenbergii with a wide variety 
of other species: other freshwater prawns (Martinez-Silva 
et al. 1985; Rajyalakshmi &Maheswardu 1986; Durairaj & 
Umamaherswari 1991), freshwater crawfish (D’Abramo 8t 
Daniels 1992), mullets (Cohen 1989; Hulata et al. 1990), 
catfish (Cohen 1985; Avault 1986; D’Abramo et al. 1986; 
Heinen et al. 1987; Lamon 1988), marine shrimp (in ro¬ 
tation) (Srinisavan et al. 1997) and aquatic plants (Das 
et al. 1991; Roy et al. 1991). New (2005, 2007) and New 
et al. (2008) have highlighted the recent research in poly¬ 
culture of freshwater prawns with other species. 

11.2.1 Water quality 

Several characteristics of water quality are influenced by 
polyculture. The effect is almost always positive, including 
a decreased need to exchange water in ponds. According to 
Hepher & Pruginin (1981), the beneficial effects of poly¬ 
culture are due to dissolved oxygen (DCb) stability, reduc¬ 
tion of predators and coprophagy. For example, silver carp 
and tilapias consume excess algae, lowering nocturnal res¬ 
piration without reducing oxygen levels (Barthelmes apud 
Hepher & Pruginin 1981). Rouse et al. (1987) and Alston 
(1989) also noted the advantages of introducing tilapias in 
prawn ponds, and Danaher et al. (2007) into cages, mainly 
on the physical and chemical aspects of water quality; how¬ 
ever, Fitzgerald (1988) showed that these advantages might 
vary from year to year. Danaher et al. (2007) found that the 
afternoon DO 2 and morning surface pH of rearing ponds 
were significantly higher in monoculture than in polycul¬ 
ture treatments of freshwater prawns and Nile tilapia in 
cages. The work of Tidwell et al. (2000), in which tilapias 
were grown in cages attached to a floating deck at the deep 
end of the pond, also suggests that rearing tilapia ( Ore- 
ochromis niloticus ) with M. rosenbergii may improve overall 
pond efficiency. 

In experiments in commercial ponds without controls, 
Tunsutapanich (1980) described the stocking of 5/m 2 of 
M. rosenbergii with carps at 30 to 125/ha comprising grass 
carp, silver carp and bighead carp ( Aristichthys nobilis), to¬ 
gether with 6000 to 12 000/ha of mosquito fish (Gambusia 
sp.). After 7.5 months, prawns yielded 1340 kg/ha with an 
average weight of 40 g; 625 kg/ha of carps of 2 to 3.5 kg each 
were also obtained. This author concluded that since the 
level of prawn production achieved was no different to that 
normally obtained in monoculture, this form of polyculture 
was valuable because it resulted in good pond water qual¬ 
ity, fewer algal problems and a higher decomposition rate 
of organic matter from pond sediment. In addition, it pro¬ 
vided an extra income from carp and bait-fish (mosquito 


fish). This type of polyculture decreased the need to ex¬ 
change water in ponds. These preliminary studies were also 
described by Tunsutapanich et al. (1982) who, while noting 
that statistical analysis was impossible because of the lack 
of controls and replication, commented that they provided 
guidelines for extension work. 

Munoz Cordova 8t Garduno Lugo (1993) evaluated the 
polyculture of M. rosenbergii at 13 000/ha (1.3/m 2 ) with 
tilapia (Oreochromis hornorum) stocked at 13 000/ha in 
100 m 2 earthen ponds. At stocking, prawns averaged 0.58 g 
and tilapia 0.16 g. Cow manure and simple superphosphate 
were applied twice per week. Supplementary feeding at 3% 
of biomass daily produced the equivalent of 406 kg/ha/yr 
of prawns with a mean weight of 26.5 g, together with 
1957 kg/ha/yr of tilapia (average 98.3 g) in one pond. How¬ 
ever, a bloom of blue-green algae in the second pond caused 
low DO 2 and, possibly, the release of algal toxins; produc¬ 
tion in this pond was only 42 kg/ha/yr (average 64 g) and 
1233 kg/ha/yr (70 g) for prawns and tilapia, respectively. 
These authors noted that although this type of polycul¬ 
ture has interesting potential, careful management is clearly 
necessary. 

The improvement of water quality by biological control 
of algae by tilapia in various polyculture trials in ponds and 
cages was found to be dependent on the stocking density 
when combined with different species. Dunseth (1977) re¬ 
ported that tilapia stocked at 2500/ha did not affect algal 
populations when compared with ponds without tilapia. 
However, caged Nile tilapia were found to provide control 
over phytoplankton populations in channel catfish ( Ictalu- 
rus punctatus) production ponds when stocked at surface 
densities of 5000/ha (Perschbacher & Lorio 1993). Tilapia 
stocked in net pens at 0.32/m 2 improved water quality 
and increased marine shrimp ( Fenneropenaeus chinensis) 
yields (Wang et al. 1998). Although most prawn and tilapia 
polyculture research has been conducted at fairly extensive 
stocking rates and under tropical or sub-tropical condi¬ 
tions, tilapia polyculture has the potential of improving 
water quality in prawn ponds and of increasing profits 
through improved prawn yields and increased total pond 
production. 

Danahar et al. (2007) evaluated the effects of two dif¬ 
ferent densities - a low density polyculture (LDP, 2 cages 
per pond) and high density polyculture (HDP, 4 cages per 
pond) - of monosex male Oreochromis niloticus juveniles 
(115.6 ± 22.0 g; 18.5 ± 1.0 cm) reared in cages at a density 
of 100 fish/1 m 3 cage, together with M. rosenbergii juveniles 
(0.9 ± 0.6 g) stocked in the pond at density of 69 160/ha 
(~7/m 2 ) for a culture period of 106 days for tilapia and 
114 days for prawns, on water quality, phytoplankton pop¬ 
ulations and total yield in production ponds (0.04 ha). 
Overall mean afternoon pH level was significantly lower 
in polyculture than in monoculture ponds but did not 
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differ between LDP and HDP, and the phytoplankton 
biovolume was reduced in polyculture treatments. Prawn 
weights were also higher in polyculture than prawn mono¬ 
culture, indicating that a polyculture system of tilapia in 
cages and freshwater prawns in ponds may provide pH 
control while maximising pond resources in temperate 
areas. 

An interesting finding that highlighted the significance 
of carp-freshwater prawn polyculture as a means of reduc¬ 
ing harmful bacteria in water and sediments was described 
by Jana et al. (2007). These authors estimated the popu¬ 
lation size and activities of some biogeochemical cycling 
bacteria and in outdoor tanks (4500 L) under four treat¬ 
ments, viz monoculture of prawns, mixed culture of Indian 
major carps (catla and rohu) and polyculture of Indian 
major carps with prawns, in comparison to a control with 
application of feed alone during the growout period of 
125 days, while maintaining the same initial manural dose 
and supplementary diet for all the treatments. Mean counts 
of heterotrophic bacteria, ammonifying bacteria, protein 
mineralising bacteria and nitrifying bacteria were distinctly 
reduced in the carp-prawn polyculture compared to prawn 
monoculture or mixed carp culture. On the contrary, there 
was a significant rise in the counts of aerobic cellulose de¬ 
composing bacteria, anaerobic cellulose decomposing bac¬ 
teria and Vibrio sp. in the mixed carp culture compared 
to the others. Reduction in the counts of bacteria in the 
carp-prawn polyculture implied a better utilisation of the 
feedlot, resulting in less accumulation of feed remnants 
by the compatible and symbiotic association of fish and 
prawns. These culture systems apparently differed in or¬ 
ganic matter utilisation, which was zero in the control and 
maximal in the polyculture treatment, and the resulting 
organic substrate accumulation in the water. In the carp- 
prawn polyculture there was significant reduction in the 
counts of gram-negative biogeochemical cycling bacteria; 
this indicates a possibility of exploiting carp-prawn poly¬ 
culture as an associative system for reducing gram-negative 
water-borne enteropathogenic bacteria that cause epidemi¬ 
ological problems. 

11.2.2 Feed 

Various feeding strategies are used in polyculture systems, 
but there is a tendency to use simple diets such as low-cost 
farm-made formulated rations, simple mixtures of feed in¬ 
gredients, and organic matter (New et al. 1993). Since fish 
are faster than prawns in accessing any feed that is pre¬ 
sented and prawns are able to utilise fish faeces, most feed¬ 
ing regimes employed in prawn polyculture are directed at 
the fish rather than at the prawns. For instance, a mixture 
of rice bran and mustard oilcake (1:1) was supplied by Hoq 
etal. (1996) whenM. rosenfoergw were polycultured with five 


species of Indian and Chinese carps. When pelleted feed is 
provided, it may be supplemented with another ingredient. 
For example, John etal. (1995) fed a 25% pelleted feed at 3 to 
5% body weight daily, together with the groundnut oil cake 
conventionally utilised as a fish feed ingredient in the In¬ 
dian sub-continent. In their study, these authors examined 
the effect of rearing M. rosenbergii and M. malcolmsonii 
in monoculture, bi-species culture or composite culture 
with common and silver carps in earthen ponds of 500 and 
1000 m 2 for a period of 6 of months with an uniform prawn 
stocking density of 2/m 2 . The prawns performed better in 
composite culture ponds than in the other two types of tri¬ 
als. Tidwell et al. (2000) showed that distillers grains with 
solubles (DDGS), which have a protein content (~26-28%) 
that closely matches the requirements of both prawns (25- 
35%; New 1995) and tilapia (25-35%; Lim 1989), form 
an excellent low-cost diet, providing economical growth in 
tilapia when fed directly as an unpelleted loose grain ration 
(26% protein). DDGS that had been steam-pelleted (23% 
protein, because of dilution with a binder) proved costlier 
despite having better utilisation. These authors showed no 
conclusive advantage over meal diets in tilapia when fed 
DDGS as a loose grain ration or as a steamed pellet, be¬ 
cause there was no significant difference in average harvest 
weight, length, production, weight gain or feed conversion 
ratio, notwithstanding significant improvement in specific 
growth rate and percent protein deposited. Pelleting costs 
increased diet cost by 30% and only resulted in a 12% in¬ 
crease in total production. In spite of being a low-cost diet, 
DDGS was inferior to a commercial pelleted feed tested in 
terms of the overall productivity of prawns. 

The importance of periphyton (which includes a com¬ 
plex of sessile aquatic biota with associated detritus) when 
attached to submerged substrate as a preferable natural 
food for herbivorous and omnivorous fishes, especially the 
Indian major carps and tilapias, has been highlighted by 
many workers (Legendre et al. 1989; Dempster etal. 1993; 
Hem & Avit 1994; Azim 2001; Keshavanath et al. 2002; 
Keshavanath & Gangadhar 2005). The feasibility of peri¬ 
phyton as the prime source of feed was tried in carp poly¬ 
culture (Azim et al. 2001, 2002; Keshavanath et al. 2002, 
2004), tilapia monoculture (Huchette et al. 2000; Azim 
et al. 2003a,b), milkfish Chanos chanos monoculture (Jana 
et al. 2006), tilapia-pearl spot, Etroplus suratensis polycul¬ 
ture (Garg et al. 2007), prawn-tilapia polyculture (Uddin 
2007; Uddin etal. 2005, 2007b,c) and in prawn-carp poly¬ 
culture (Wahab et al. 1999; Azim et al. 2002). Uddin et al. 
(2006) observed that tilapia had a higher preference for pe¬ 
riphyton feeding than the freshwater prawns in polyculture 
ponds, as the periphyton biomass on the added substrate 
(bamboo poles) increased with decreasing tilapia: prawn 
biomass and was the highest in ponds stocked with fresh¬ 
water prawns alone. 



200 


Freshwater Prawns 


11.2.3 Stocking strategies and results 

Stocking strategies vary from region to region and from 
farm to farm, but the literature which deals with this sub¬ 
ject was abundant in Israel when prawn research was ac¬ 
tive, where the methodology seems to be more refined than 
elsewhere, and the compatibility between studies is better 
(Karplus et al. 1987, 1990; Sarig 1992). The polyculture of 
prawns with several finfish species, including carnivores, 
was commonplace there and the success of the stocking 
strategy was found to depend on the use of compatible 
stocking sizes of each species (Hulata et al. 1988). Roberts & 
Kuris (1990) noted that prawns may be predators, depend¬ 
ing on the size of the fish. These authors recommended 
the introduction of carps and tilapias with prawn juveniles 
weighing 0.25 to 0.50 g at a density of 2/m 2 . This stock¬ 
ing density was also used by Karplus et al. (1987), who 
obtained excellent results rearing juveniles of three sizes in 
400 m 2 ponds in polyculture with tilapias (Oreochromissp.), 
common carp ( Cyprinus carpio), silver carp and grass carp. 

Mires (1987) successfully stocked M. rosenbergii juve¬ 
niles at 5 to 7.5/m 2 in polyculture with Nile tilapia (Ore- 
ochromis niloticus) fingerlings stocked at 6000 to 7000/ha. 
The yield was 1045 kg/ha of prawns and 2700 kg/ha of 
tilapias after 180 days, with a net income of US$ 5309/ha 
and US$ 4095/ha, respectively. The higher prawn stocking 
density used made periodic selective harvests necessary; 
these started from day 120 onwards. Hulata et al. (1990) 
described a study in which the effects of the size and age 
of M. rosenbergii reared simultaneously with several species 
of carp and tilapia were examined. Prawns were stocked at 
2/m 2 , while fish were stocked at 2500/ha (common carp), 
9000/ha (tilapiahybrids-various combinations of O. niloti¬ 
cus x O. aureus or O. niloticus x O. urolepsis hornorum), 
550/ha (O. mossambicus x O. aureus ), 350/ha (red tilapia), 
500/ha (silver carp) and 250/ha (grass carp). Prawns ranged 
from 0.25 to 0.53 g at stocking and carps and tilapias from 
79 to 389 g. Over 86% survival of all species was achieved in 
a 5-month trial, except red tilapia (51%). Silver carp grew 
from 95 g at stocking to 1208 g on average at harvest, while 
prawns were harvested at 38 to 40 g. 

Farming of M. rosenbergii together with different fish 
species in Bangladesh has indicated that the prawns them¬ 
selves and their stocking densities had no influence on fish 
yield. An average yield/ha of 548 to 662 kg of prawns and 
1844 to 1891kg of fish could be achieved with stocking 
densities of 50 to 65 prawns/decimal and 19 fish/decimal 
(equivalent to 12 358-16 065 prawns/ha or ~1.23-1.6/m 2 
and 4696 fish/ha) (Alam & Mazid 2007). The species combi¬ 
nation of fish was silver carp, Hypophthalmichthys molotrix 
(10); catla, Catla catla (6); grass carp, Ctenopharyngodon 
idella (1) and silver barb, Barbodes gonionotus (2). In an¬ 
other experiment, it was found that silver carp (stocked 


at the equivalent of 2472/ha), catla (741/ha) and rohu 
(1977/ha) were the best suited species combination in poly¬ 
culture with prawns (12 358/ha; ~ 1.23/m 2 ) resulting in an 
average production of 892 kg/ha of prawns and 2426 kg/ha 
of fish. Stocking strategies tested by Ahmed et al. (1996) 
compared two 0.1 ha ponds, stocked with M. rosenbergii 
juveniles at 6000/ha (0.6/m 2 ) in addition to silver carp, 
catla, rohu and mrigal ( Cirrhinus mrigala) at 5000/ha in 
the carp ratio 3.5:1.5:3.0:2.0, with two other similar-sized 
ponds stocked only with fish in the same ratio. The ponds 
were fertilised with triple superphosphate and urea every 
fortnight at 25 kg/ha; feeding rates, based on an unspec¬ 
ified 32% crude protein diet, were based on prawn and 
carp biomass. No difference in the physico-chemical and 
biological characteristics of pond water in either treatment 
was observed. Total production of 2980 and 2347 kg/ha 
were obtained for prawn-carp and carp cultures, respec¬ 
tively. Prawns attained a mean body weight of 100 g with a 
daily gain of 0.42 g, total production being approximately 
600 kg/ha. Fish growth was not influenced by either of the 
polyculture systems examined. 

The effect of six monoculture and polyculture (with 
tilapia and carp) systems differing in stocking rate and 
stocking size on prawn claw-off yield were examined in 
a study performed by Sadek & Moreau (1996). The interac¬ 
tion between fry size, density and sex, and the cost-benefit 
aspects of the different strategies, were also studied. Exper¬ 
iments were carried out in 18 earthen ponds of 0.125 ha 
each, with a mean depth of 1 m. Prawns were stocked at 

2 or 5/m 2 in monoculture in triplicate; six ponds received 
prawn PL of 0.3 g, while the other six received juveniles 
weighing 2 g. In polyculture, 0.3 g PL were stocked at a den- 
sityof2/m 2 . Oreochromis niloticus fry (<1 g) were stocked at 
10 000/ha and Cyprinus carpio (15 g) at 2500/ha in 3 ponds; 

3 other ponds were stocked with tilapia at 20 000/ha and 
carp at 5000/ha (information on the economic results of 
this experiment is recorded in section 11.2.5). 

In Brazil, Dos Santos & Valenti (2002) have shown that 
stocking densities of up to 6/m 2 of M. rosenbergii did 
not affect the production of tilapia ( Oreochromis niloti¬ 
cus) stocked at 10 000/ha over a 175 day experimental pe¬ 
riod, and required neither additional feeding nor signifi¬ 
cant changes in management. Lower prawn stocking rates 
achieved larger final average prawn weights (34 g at 2/m 2 
and 23 g at 4/m 2 ). Achieving additional yield without addi¬ 
tional feed improves the sustainability of the system. At the 
highest prawn stocking rate, 3721 kg/ha of tilapia (final av¬ 
erage weight 519.6 g) and 818 kg/ha ofprawns (final average 
weight 14.7 g) were obtained. In Puerto Rico, Garcia-Perez 
& Alston (2000) had stocked at rates of 10 000/ha of 7 to 
8g tilapia, with or without juvenile prawns (1.0—1.3 g) at 
7/m 2 , and compared with prawns stocked alone at 7/m 2 , in 
an experiment lasting about 145 days. The feeding rate was 
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adjusted according to the mean biomass. This work showed 
that this form of polyculture has the potential of maintain¬ 
ing the yield of tilapia production at non-signihcantly dif¬ 
ferent levels (2942 kg/ha in monoculture and 2769 kg/ha in 
polyculture) with similar average final weights. However, 
while 1367 kg/ha of prawns were obtained in monoculture, 
this fell to 951 kg/ha in polyculture. Furthermore, the mean 
weights of the prawns were significantly different (55 g in 
monoculture and 31 g in polyculture). It would have been 
interesting to compare the results of these two papers fur¬ 
ther, if Dos Santos & Valenti (2002) had included a treat¬ 
ment where prawns were stocked alone. 

Haque et al. (2003) evaluated 6 combinations of prawn- 
carp polyculture with prawn stocking densities ranging 
from 3800 to 10 000/ha (0.38-1.0/m 2 ) and found that 
a combination of 25:15:15:15 prawn:catla:rohu:mrigal to 
provide significantly higher growth of prawns and carps. 
However, the authors seem to have failed to study any an¬ 
tagonism that might have occurred between the prawns 
and mrigal; both are competing bottom feeders. Hossain & 
Islam (2006) tested similar prawn stocking densities rang¬ 
ing from 2500/ha to 12 500/ha (0.25-1.25/m 2 ) in polycul¬ 
ture with a carp stocking density of 10 000/ha comprising 
2500, 5000 and 2500/ha of catla, rohu and silver carp, re¬ 
spectively, and recommended a stocking ratio of 4:1:2:1 of 
prawn:catla:rohu:silver carp at a total density of 20 000/ha. 
These authors obtained significantly higher prawn produc¬ 
tion of 361.3 kg/ha at the highest stocking density tested, viz. 
12 500 prawns/ha (1.25/m 2 ) with a total (all species) stock¬ 
ing density of 22 500/ha, after 3 months of grow-out. The 
mean weight gain of prawns was not significantly different 
(44.5-45.0 g) at stocking densities of2500 to 10 000/ha (0.25 
to 1/m 2 ) but was significantly lower (39.1 g) at 12 500/ha 
(1.25/m 2 ). 

The effect of prawn stocking density in carp-prawn 
polyculture for a grow-out period of six months in 
0.1 ha ponds was studied by Hossain (2007) in Northern 
Bangladesh. Four treatments in which the stocking den¬ 
sity of surface feeding carps was the same - twelve silver 
carp (mean initial weight 49.17 ± 6.59 g) and eight catla 
(50.10 ± 1.09 g)/decimal - in all treatments while that of 
prawns (2.39 ± 0.10 g) was 20, 40, 60 and 80/decimal in 
treatments Tl, T2, T3 and T4, respectively (Note: these 
stocking densities are equivalent to 2966/ha of silver carp 
and 1977/ha of catla, together with 4943, 9886, 14 829 and 
19 773/ha (~0.5, 1.0, 1.5 and 2/m 2 ) of prawns]. All the 
ponds were subject to the same fertilisation - 200 g/decimal 
of cow dung, 5 g/decimal of urea and 5 g/decimal of TSP per 
day (the equivalent of 49.4 kg/ha of cow dung, 1.24 kg/ha 
of urea and 1.24 kg/ha of triple superphosphate per day) - 
and feeding regime (50% rice bran, 20% fishmeal and 30% 
mustard oil cake fed twice daily at a rate of 5% of the 
prawn body weight). The combined effect of species and 


treatment was found to be significant on the mean values 
of yield where the contributions of prawn and carp were 
found to be 14.74% (Tl) - 37.87% (T4) and 62.17% (T4) 
- 85.26% (Tl), respectively. This study indicated that com¬ 
paratively higher production of valuable species like fresh¬ 
water prawns can be obtained with more or less satisfactory 
production of surface feeder carps in treatment T4. 

Experiments have also been conducted on the polycul¬ 
ture of freshwater prawns with snakeskin gourami (Tri- 
chogasterpectoralis) (Y. Yi, pers. comm. 2008). 

Rodrigues (1988a,b, 1995) described several polycul¬ 
ture systems which included M. rosenbergii that had been 
found suitable for Southern Brazilian sub-tropical condi¬ 
tions. This author stressed the value of introducing prawns 
into fishponds and noted the need for synchronicity in the 
production scheme to ensure a single harvest. He also char¬ 
acterised the stocking management, which is different to 
traditional polyculture systems involving fish only. In these 
studies, freshwater prawns were stocked at 20 000 PL/ha 
(2/m 2 ) or 15 000 juveniles/ha (1.5/m 2 ) in combination with 
grass, silver, bighead and common carps, with or without 
all-male Nile tilapia, in various stocking ratios and strate¬ 
gies. 

Studies on the effect of stocking strategies on the inter¬ 
actions of tilapia and prawns were conducted by McGinty 
& Alston (1993). In an initial trial, two 0.7 ha ponds were 
stocked monthly with 3300 male tilapia (Oreochromis sp.) 
fingerlings (~4714/ha) and bimonthly with 15 000 prawns 
(~2.14/m 2 ). A dorsal spine was clipped to differentiate each 
monthly cohort of tilapia stocked. Tilapia and prawns re¬ 
ceived a 32% protein diet at a rate based on estimated fish 
biomass. Ponds were seined at monthly intervals to deter¬ 
mine the growth rates of prawns and tilapia and to remove 
marketable animals. A maximum feed input of 55 kg/ha/day 
was established to obtain rapid growth of the fish. This 
feeding rate proved to be desirable for the tilapia; how¬ 
ever, it caused low DCT at dawn which proved fatal to the 
prawns. Beginning 19 weeks after the first stocking, an av¬ 
erage of 730 kg/ha of tilapia averaging 400 g each could be 
harvested monthly. There were no differences in the growth 
curves of different monthly cohorts of tilapia, revealing 
little or no negative inter-group interaction. In a second 
trial, two 0.7 ha ponds were stocked initially with 5000 male 
tilapia fingerlings (~7243/ha) and 40 000 juvenile prawns 
(~5.7/m 2 ). Beginning at month 3.5 and monthly thereafter, 
the ponds were seined and marketable animals harvested. 
For every tilapia harvested, 1.08 tilapia were restocked, and 
for every prawn harvested, 1.33 prawns were re-stocked. 
To reduce the incidence of low DCT and to increase prawn 
survival, a daily input of 40 kg of feed was set as the maxi¬ 
mum. After 8 monthly harvests, the average yield per har¬ 
vest equalled 436 kg/ha of tilapia and 107 kg/ha of prawns. 
This second system offered good potential for small farms 
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that need to supply markets on a regular basis. Annual yields 
appeared to be similar to those from batch harvest systems. 
It was easier to meet the demands for replacement animals 
since all the seed stock are not required at one time, as they 
would be for batch harvest systems. 

According to Valenti (2006), polyculture in Brazil uses 
the batch or combined systems (New 2002). Innovations 
in culture technology that improve productivity, such as 
grading and the addition of artificial substrates (Tidwell 
et al. 2001), have not yet been used in polyculture (but 
see Chapter 9, section 9.1.1.3). Ponds are stocked at 2 to 

4 PL or juveniles/m 2 . After a week, tilapia juveniles (< 10 g) 
are stocked at 10 000 to 30 000/ha. Daily feeding is ad¬ 
justed according to monthly estimates of tilapia biomass. 
Prawns are not considered in the daily feeding schedule. 
They feed on benthic organisms, formulated feed residues 
and tilapia faecal matter. After 5 to 8 months all tilapia and 
prawn are harvested and prawn productivity is about 300 
to 800 kg/ha/cycle. Tilapia productivity was not affected by 
prawns stocked at the same pond (Dos Santos & Valenti 
2002; Valenti & Moraes-Riodades 2004). 

Two current polyculture systems in China, in which 
prawns are grown with silver and bighead carps, are de¬ 
scribed in Chapter 17. Where the emphasis is on prawn 
production, about 1.2 to 1.8t/ha/crop of prawns and 0.75 
to 1.51 of fish are achieved. Where finfish are the primary 
crop, prawns are stocked at a lower rate and the yield is 
typically 0.3 to 0.9 t/ha/crop of prawns and 5.25 to 7.51 of 
fish. Polyculture systems may not always provide greater 
yields of freshwater prawns than monoculture. For exam¬ 
ple, Siddiqui et al. (1996) cultured M. rosenbergii with Nile 
tilapia and common carp, obtaining a yield of prawns in 
polyculture (711 kg/ha), which was significantly less than 
that from monoculture (1152 kg/ha). The mean prawn 
harvest weight, 21.3 g after 196 days of polyculture, was 
also significantly less than that from monoculture (30.2 g). 
However, the total yield from polyculture, including tilapias 
(2544 kg/ha) and common carp (2999 kg/ha), was almost 

5 times as great as from prawn monoculture. Survival and 
food conversion rate of M. rosenbergii did not differ signif¬ 
icantly between monoculture and polyculture. 

The main production system for freshwater prawns (M. 
rosenbergii ) in India is monoculture, although a few In¬ 
dian major carp Catla catla are also stocked at 100 to 
150 or up to 500 fingerlings/ha to manage excessive algal 
blooms, while in the carp polyculture rice fields of Kerala, 
various carp species are stocked (Nair & Salin 2006). Ac¬ 
cording to Murthy (2007), freshwater prawns are usually 
cultured in monoculture but some farmers rear them in 
polyculture with Indian major carps; catla and rohu are 
the most favoured species for this purpose. Most freshwater 
prawn farming in Kerala is carried out in earthen ponds 
under monoculture or polyculture with carps (Kumar & 


Velayudhan 2007). In the polyculture of M. rosenbergii with 
Indian major carps ( Catla catla, Labeo rohita and Cirrhinus 
mrigala) in the southwestern districts of Punjab in North 
India a production of 270 kg of prawns (survival 46%) with 
a mean weight of 150 g for males and 50 g for females was re¬ 
ported from 1.8 ha of saline land holdings by Singh (2003). 
The pond was fertilised with organic and inorganic fertilis¬ 
ers (5000 kg of cattle dung and 250 kg of di-ammonium 
phosphate). The prawns were fed with a freshly prepared 
wet feed consisting of rice bran, mustard oil cake and fish¬ 
meal (50:45:5) enriched with vitamin and mineral supple¬ 
ments (1%). The rearing period extended for 8 months, 
starting in the summer (late April) when the temperature 
was 35.5°C and ending in December when the temperature 
dropped to as low as 6°C. Fish production was 2655 kg/ha 
with a mean weight of 308 g and a survival of 86%. Al¬ 
though the growth of the prawns was good, that of the fish 
was very poor compared to other areas in Punjab. 

In Andhra Pradesh state in India, where inland farming of 
black tiger shrimp, Penaeus monodon has been established 
for several years, farmers stock 200 g size catla at 150 to 250 
fingerlings/ha to condition pond water and utilise the sur¬ 
face water niche and tiger shrimp seed at 5 to 10/m 2 (Nair & 
Salin 2007). Mixed culture of P. monodonandM. rosenbergii 
was also common practice in low saline areas for a long 
time after the collapse of the shrimp industry because of 
diseases; however, this practice has slowly vanished thanks 
to the appearance of WSSV (White Spot Syndrome Virus) 
in M. rosenbergii in combined culture ponds, particularly in 
Nellore (K.R. Salin, pers comm. 2007), as observed under 
laboratory conditions (Pramod-Kiran et al. 2002). Similar 
mixed polyculture of tiger shrimp and freshwater prawn 
was also reported from Bangladesh, and the survival rate 
of M. rosenbergii in such farmer ponds is very low, ranging 
from 23 to 37% (Azim et al. 2001). 

Recently there has been considerable research emanat¬ 
ing from Bangladesh on various aspects of fish-prawn 
polyculture. Carp polyculture has evolved from traditional 
practices to improved systems incorporating newer species 
amenable to the rural poor and aimed at poverty alle¬ 
viation, and now commercial aquaculture using formu¬ 
lated feed is rapidly expanding in Bangladesh, especially 
in Mymensingh. Scientists from the Bangladesh Agricul¬ 
tural University have conducted various trials with a view 
to standardise tilapia-prawn polyculture practices using 
periphyton-based feeding strategies with the addition of 
substrates, modified stocking ratios and densities. The sur¬ 
vival of tilapia was higher in polyculture whereas that of 
prawn was higher in monoculture (Uddin et al. 2007d). The 
periphyton biomass decreased with increased stocking den¬ 
sity of tilapia, indicating the preferential feeding of tilapia 
on periphyton. Much research had earlier been success¬ 
fully devoted to the evaluation of the effect of substrate in 
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production ponds in temperate regions in the monoculture 
of freshwater prawns (Tidwell etal. 1998; 1999; 2000) using 
synthetic substrate materials consisting of an orange PVC 
barrier fencing, suspended vertically in the water column 
supported by reinforcement bars positioned approximately 
every 25 feet (7.62 m) along the substrate material, such 
that the surface area of both sides of the substrate should 
be equivalent to at least 50% of the bottom surface area of 
the pond, estimated as being equivalent to the water surface 
area (Chapter 10). Researchers in Bangladesh found con¬ 
siderable overlap between the feeding niches of tilapias and 
prawns. Substrate addition improved the food conversion 
ratio in tilapia ponds by 32%, while stocking of prawns 
resulted in an additional 12% improvement. On average, 
substrate addition resulted in a 40% higher net yield of 
tilapia in monoculture and 56% in tilapia-prawn polycul¬ 
ture. Substrate addition resulted in 9% higher survival and 
45% higher tilapia production, while prawn survival in¬ 
creased 75% and production 127% (Uddin et al. 2007d). 
Studies to optimise stocking density of tilapia and prawn 
in periphyton-based polyculture ponds revealed that sur¬ 
vivals of tilapia and freshwater prawn were higher at low and 
medium stocking densities (83-86% for tilapia and 51-57% 
for prawn) than at high stocking density (78% for tilapia 
and 39% for prawn). The combined net yield of tilapia 
and freshwater prawn were higher at medium (2372 kg/ha) 
and high (2303 kg/ha) than at low (1641 kg/ha) stocking 
density. Comparison of tilapia-prawn production in non- 
fed periphyton-based ponds with traditional (fertiliser, no 
feed, no substrate), fed traditional and periphyton-based 
fed ponds revealed that the FCR of tilapia was 13% lower in 
periphyton-based fed ponds than in fed traditional ponds. 
Survival, final weight gain and net yield of both tilapia and 
prawn were highest in periphyton-based fed ponds and 
lowest in traditional ones. 

Production of genetically improved farmed tilapia (GIFT, 
Oreochromis niloticus) and freshwater prawns in substrate 
based ponds was higher than in ponds without substrates 
in monoculture systems under a total stocking density of 
20 000 juveniles/ha (Uddin 2007; Uddin et al. 2006). Sub¬ 
strate addition resulted in 5% higher survival and 45% 
higher production for tilapia, while prawn survival in¬ 
creased by 75% and production rose by 127%. The highest 
total yield of 2445 kg/ha tilapia and 141 kg/ha prawns over 
a 145 day period was recorded in substrate based polycul¬ 
ture ponds. Neither survival nor production of tilapia was 
affected due to the addition of prawns to tilapia ponds, 
indicating the feasibility of mixed culture of these two 
species. 

Uddin et al. (2006) tested five stocking ratios of 100% 
tilapia (monoculture), 75% tilapia with 25% prawns, 50% 
tilapia with 50% prawns, 25% tilapia with 75% prawns 
and 100% prawns (monoculture) in fed and fertilised 


ponds with bamboo poles (mean diameter 6.2 cm and 
5.5 poles/m 2 ) as substrates for periphyton production, un¬ 
der a fixed stocking density of 20 000 juveniles of GIFT 
and/or prawn per ha (2/m 2 ) in both monoculture and poly¬ 
culture. Bamboo poles were used as substrate for periphyton 
development by posting them vertically in pond bottoms 
providing a submerged surface area of about 60% of the 
pond’s water surface area. The tilapia and prawns were fed 
at 25% protein feed at 2% body weight/day in addition to 
pond fertilisation with urea and triple super phosphate. Pe¬ 
riphyton biomass in termsof dry matter (DM), ash-freeDM 
and chlorophyll a were significantly higher in ponds stocked 
with prawns alone than in ponds with different combina¬ 
tions of GIFT and prawn. Survival of GIFT was significantly 
lower and that of prawn was significantly higher in their re¬ 
spective monoculture ponds, indicating detrimental effects 
of GIFT on prawn survival. Individual weight gains for 
both species were significantly higher in polyculture than 
in monoculture. The highest total yield, 1623 kg/ha tilapia 
and 30 kg/ha prawns in 125 to 140 days, and a net return 
of 53 000 Bangladesh Taka (US$ 765)/ha, were recorded at 
a stocking ratio of 75% tilapia and 25% prawns, followed 
by 100% GIFT alone (1549 kg/ha), 50% GIFT plus 50% 
prawn (1114 kg GIFT and 68 kg prawn/ha), 25% GIFT plus 
75% prawn (574 kg GIFT and 129 kg prawn/ha) and 100% 
prawn alone (157 kg/ha); this indicates that polyculture of 
these species is feasible only when tilapia are considered 
the main component, although even the small additional 
contribution of prawns with a market price several times 
higher than that of tilapia would significantly add to the 
economics of the operation. 

Further trials to optimise the total stocking density using 
75% tilapia and 25% prawn (3:1) stocking ratio (Uddin etal. 
2007c) revealed that a density of 30 000/ha (3/m 2 ), which 
provided a net production of 2209 kg tilapia and 163 kg 
prawns/ha and a net return of 78 000 Taka (US$ 1126) 
during a 106 day culture period, was the best for periphyton- 
based systems, compared to a lower density of 20 000/ha 
(2/m 2 ), while a higher density of40 000/ha (4/m 2 ) returned 
rather similar results. 

Using the best stocking ratio and density values, several 
combinations of periphyton substrates and supplemental 
feed addition were tested in farmers’ ponds: substrate + feed 
(SF), substrate + no feed (SF 0 ), feed + no substrate (S 0 F) 
and no feed no substrate (control). There were no signifi¬ 
cant differences for survival, harvest weight and net yield of 
both tilapia and prawns between the periphyton and feed 
driven systems, indicating that periphyton can replace sup¬ 
plemental feeding. However, supplemental feeding further 
increased tilapia production by 28% and prawn produc¬ 
tion by 61 % in ponds provided with substrates, highlighting 
the complementary nature of periphyton and supplemental 
feed in earthen ponds (Uddin 2007). 
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The survivals of tilapia (58%) and freshwater prawns 
(28%), when stocked in a 3:1 ratio obtained by Uddin 
etal. (2006), were much lower than those in substrate-based 
ponds reported by Keshavanath et al. (2004) for tilapia 
(88.96%) and Tidwell 8t Bratvold (2005) for freshwater 
prawns (>80%), possibly because of the poorly managed 
farmers’ ponds where the experiments were conducted. 
However, Danahar et al. (2007) found no significant dif¬ 
ferences in survival among prawns in polyculture or mono¬ 
culture and obtained an overall average survival of 85% 
among monoculture, LDP and HDP. Tilapia density in cages 
had no effect on their survival (96%, overall) or FCR (1.5, 
overall) in polyculture treatments. Average harvest weights 
of prawns in the polyculture treatments were significantly 
greater than in the prawn monoculture treatment, while 
those of tilapia in the LDP treatment (853.6 g) was signifi¬ 
cantly higher than in the HDP treatment (810.5 g). Prawn 
production in the HDP (2720 kg/ha) was significantly 
greater than in the LDP treatment (2368 kg/ha), which 
was greater than in the monoculture ponds (2125 kg/ha). 
The prawn feed conversion ratio (FCR) in the HDP (1.9:1) 
and LDP (2.2:1) were significantly lower than in mono¬ 
culture, while the specific growth rate (SGR, g/d) and 
production size index (PSI) for prawns in both polycul¬ 
ture treatments (0.37 g and 123) were significantly higher 
than in monoculture ponds (0.31 g and 79). There was 
no significant difference in the percent marketable prawns 
(>20g) between treatments, with an overall average of 
93.3%; however, both polyculture treatments had a sig¬ 
nificantly higher percentage of premium prawns (>30 g) - 
83.0% - than monoculture ponds (70.4%). In the case of 
tilapia, the LDP treatment resulted in a significantly higher 
SGR (7.0 g/d) than the HDP treatment (6.6 g/d). At harvest, 
there were no significant differences between treatments in 
terms of percent dress out of whole dressed fish (68%) or 
fillets (40%). 

Polyculture of tilapia in cages and prawns in ponds had 
no significant impact on prawn population structure in 
terms of numbers of each sexual morphotype (Danahar 
et al. 2007). The average weight of blue claw males (BC) 
was significantly greater in the HDP (71.9 g), followed by 
the LDP treatment (66.7 g), both being significantly higher 
than in monoculture (52.7 g). There was no significant dif¬ 
ference in average weight of orange claw males (OC) be¬ 
tween polyculture treatments (51.5 g); however, both poly¬ 
culture treatments had a significantly higher weight than the 
monoculture (44.0 g). There was no significant difference 
among treatments in mean weight of small males (SM). 
However, the average weight of reproductive females (RF) 
was not significantly different between polyculture treat¬ 
ments (38.8 g), but both were significantly higher than in 
ponds without tilapia (32.7 g). The average weight of vir¬ 
gin females (VF) was not significantly different between 


polyculture treatments (29.5 g), but both were significantly 
higher than in ponds without tilapia (26.0 g). 

Some believe that the survival and growth of freshwa¬ 
ter prawns depend more on factors such as water quality 
and feed than on the particular species with which they are 
polycultured, but this is not always so. Hossain & Kibria 
(2006) demonstrated that M. rosenbergii could be cultured 
with catla and rohu in polyculture stocked at 20 000 ha 
at a ratio of 2:1:1 (prawn:catla:rohu) during winter, us¬ 
ing a formulated diet containing 30% protein. Reddy et al. 
(1988) showed that the choice of finfish species included in 
prawn polyculture had a significant effect. These authors 
stocked M. malcolmsonii with the Indian major carps Catla 
catla and Labeo rohita and their hybrid (L. rohita male x 
C. catla female) and the exotic carps Ctenopharyngodon 
idella and Cyprinus carpiovsu. communis in different com¬ 
binations in earthen ponds. The continuous prawn culture 
system, with two stockings and multiple harvests in a 390- 
day grow-out period was followed. In the trials with the 
Indian major carps and their hybrid, survival of M. mal¬ 
colmsonii ranged from 51.4 to 68.8%, while 28.7 to 49.8% 
attained market size. Market-sized males were recorded 
at 20 to 98 g and females at 20 to 50 g during multiple 
culling. In combination with grass carp, however, survival of 
prawns was only 6.8%, and only 5.2% reached market size. 
Similarly, experiments with common carp resulted in 14% 
prawn survival, while only 2.1% reached market size. Male 
prawns cultured with grass carp and common carp attained 
a harvest size of only 20 to 42 g, while females achieved 
20 to 26 g. 

The results of Reddy et al. (1988) and Siddiqui et al. 
(1996) indicate that the performance of prawns in poly¬ 
culture may be inferior compared with monoculture, and 
depend on the fish species with which they are reared. How¬ 
ever, where the production of finfish is the major activity, 
there are significant economic benefits to be achieved by 
including freshwater prawns in polyculture systems (see 
section 11.2.5). In addition, experience in China demon¬ 
strates that the respective levels of prawn and fish pro¬ 
duction can be manipulated by varying management. Ei¬ 
ther prawn or finfish yield can be maximised, according to 
demand. 

Contrary to common belief, polyculture of prawns with 
carnivorous fish may be suitable when there are unwanted 
hatches of predator fish or mixed populations of tilapias. 
In such polyculture systems, it is normally recommended 
that carnivorous fry or fingerlings, which are smaller that 
the non-carnivorous species, should be stocked so that the 
survival of the non-carnivorous species will not be affected. 
Mendes etal. 1998a,b) performed several polyculture trials 
of Macrobrachium spp. with ornamental carnivorous fish 
and considered that the survival and growth of both fish 
and prawns were normal. 
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Table 11.1 Typical stocking densities for freshwater prawns in poiyculture with carp and tilapias 3 . 


Species 

Average stocking rate 

No./ha (range) 

Average yield 
kg/ha/yr (range) 

Freshwater prawns 

Postlarvae 

40 000(4000-100000) 

1050(150-3700) 

Juveniles 

20 000 (2000-70 000) 

1350(670-4200) 

Tilapias 

Oreochromis niloticus 

11000(3000-20 000) 

5000 (910-9000) 

O. aureus 

2500(2000-7000) 

1500(800-2000) 

O. hornorum 

3800(2500-8000) 

2100 (950-4200) 

Hybrids 

6000 (1000-16 000) 

4800 (700-7000) 

Carps 

Ctenopharyngodon idella 

80(60-740) 

2000 (300-3700) 

Aristichthys nobilis 

550(200-1000) 

1200 (410-2000) 

Hypophthalmichthys molitrix 

2000(600-5000) 

2600(720-6000) 

Cyprinus carpio 

4000(800-8000) 

4000 (950-8000) 


a These figures show approximate averages and ranges of stocking rate and yield, based on a survey of the 
literature by Zimmermann & Rodrigues (1998). When several species of fish are used in the polyculture 
system, the stocking rate tends to be at the lower rate; conversely, when only one fish species is stocked with 
prawns, the stocking rate tends to be at the higher rate. 

An important criterion, when determining species com- treatments. The ponds were then re-flooded and crawfish 

patibility in polyculture systems, is the method and timing were harvested from 15 January to 15 May. The average 

of the harvest of each species. Harvesting a single species yield of crawfish ranged from 746 to 1266 kg/ha. Crawfish 

from a polyculture system is difficult. Hepher & Pruginin yields did not differ with stocking rate (P > 0.25). Over- 

(1981) and Rodrigues (1988a,b, 1995) noted that the fish all, prawns and crawfish were thus compatible in rotation, 

should be stocked in a way that will ensure that they will Prawns, though small, were of a good size for soft-shell 

attain their commercial size at the same time, since selec- production during months when crawfish are not available 

tive harvests always cause losses of the remaining fish and forthis purpose. Avault (1990), noting that prawns are rela- 

prawns. The rotation of M. rosenbergii with other seasonal tively uniform in size up to 17 g, which is an ideal size for the 

crops has also proved advantageous. soft-shell trade, mentioned some preliminary experiments 

Typical stocking densities and yields from freshwater on the production of M. rosenbergii for this market, which 

prawn polyculture performed in semi-intensive systems are were later also reported by Caffey et al. (1993). The use of 

given in Table 11.1. In the papers summarised there, the soft-shell crawfish shedding facilities for the summer and 

culture cycle ranged from 3 to 6 months and the water autumn production of soft-shell prawns seemed technically 

temperature was 26 ± 4° C. feasible. 

Similarly, D’Abramo 8t Daniels (1992) found that com- 

. . . bining the same two seasonal crops, namely the red swamp 

1 x Kotationai six^icsics « . « ^ ^ < a , « . . 11 * 1 * 

crawfish and M. rosenbergii, increased the probability ol 

Granados et al. (1991) and Avault & Granados (1995) re- financial success. Juvenile prawns stocked at 39 530/ha 

ported on the results of the crop rotation of M. rosenbergii (~ 4/m 2 ) in mid-May of Year 2, in ponds stocked the 

with another crustacean, the red swamp crawfish ( Procam- previous year with broodstock crawfish and harvested in 

barns clarkii). This study set out to determine if these two October, resulted in a production of 1444 kg/ha crawfish 

crustaceans were compatible and whether total (unit area) and 855 kg/ha prawns in Year 2. Both crawfish and prawns 

production could be increased. Brood crawfish were stocked were fed artificial diets and the latter achieved a feed con- 

into ponds at rates of 0, 60, 120 or 180 kg/ha on 18 April. version ratio (FCR) of 2.5:1 and 79% survival. A further 

Following this, rice was planted in the ponds as forage. 684 kg/ha of crawfish were harvested in Year 3. During 

Postlarval prawns were stocked on 3 July in all ponds at the warmer months (mid-May-mid-October) in Louisiana 

17 500/ha (1.75/m 2 ). Half of the ponds were fed and half (USA) the culture of M. rosenbergii offers the opportunity 

were not. Ponds were drained from 7 to 11 October, yield- for double cropping. Because of social structure problems, 

ing from 157 to 248 kg/ha of prawns with a survival of 69 mixed sizes were obtained at prawn harvest. 

to 88% and an average size of from 11 to 17 g. There was no The potential of M. rosenbergii and the self-recruiting 

significant difference (P > 0.25) between fed and non-fed small fish species mola (Amblypharyngodon mola) in 
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rotational rice-fish/prawn culture systems were investigated 
in farmers’ rice fields in Mymensingh, Bangladesh (Kunda 
etal. 2007,2008). Four prawn stocking densities were main¬ 
tained at 1.0, 1.5, 2.0 and 2.5/m 2 , respectively, with a fixed 
density of mola at 20 000/ha in each treatment. Prawns were 
fed daily with commercial pellets. The rice plots were limed 
(CaC0 3 ) and fertilised with urea, triple super phosphate 
and cow dung regularly. The harvest of mola, which started 
after the second month of its grow-out soon after it began 
to breed, yielded 124 to 152 kg/ha during a 4 month culture 
period. Prawn production (mean survival 49-57%), which 
ranged from 294 to 596 kg/ha, was significantly higher in the 
treatment where 2/m 2 of freshwater prawns were stocked. 
This treatment also resulted in the highest net profit mar¬ 
gin (74%), indicating that 2/m 2 prawns and 20 000/ha of 
mola is the best combination for prawn-mola culture in 
rain-fed rice fields after rice cultivation. In another trial, 
catla and tilapia were introduced alone or in combina¬ 
tion with mola and freshwater prawns (2/m 2 ). Highest to¬ 
tal average productions for mola (2142 kg/ha) and prawns 
(730 kg/ha) were obtained in the treatment when catla were 
stocked at 2500/ha. The treatment in which both catla and 
tilapia were stocked at 1250/ha each showed better pro¬ 
duction (1526 kg/ha) compared to the treatment where 
tilapia alone was stocked at 2500/ha (1295 kg/ha). Mola 
showed better production when both tilapia and catla were 
stocked with mola and prawn. Kunda etal. (2007) also eval¬ 
uated the performance of all-male monosex M. rosenbergii 
(2/m 2 ) in polyculture with the major carps catla (1750/ha), 
rohu (750/ha) and mola (20 000/ha). Highest production 
of prawns (697 kg/ha) was obtained when all-male prawns 
were grown together with carps and mola; this was 34.7 
and 56.2% more productive than when mixed sex and all¬ 
female prawns were grown with carp and mola, respec¬ 
tively. Highest total production (1619kg/ha) was observed 
in the all-male treatment followed by mixed sex polycul¬ 
ture (1364kg/ha). It is interesting to compare these results 
from Bangladesh with studies in India that compared the 
monoculture of all-male prawns and all-female prawns. 
Contrary to the findings by Kunda and his colleagues that 
mixed sex prawns fared better when in polyculture, Nair 
et al. (2006) suggested that all-female monoculture was 
superior to mixed sex monoculture. These results suggest 
that all-male monosex culture of prawns is equally advan¬ 
tageous in both mono and polyculture systems and that 
further trials are needed to clearly elucidate the contrasting 
prawn-fish interactions in mixed sex and all-female cultures 
under polyculture with fish. 

Lan (2006) investigated the production and economic 
efficiency of various systems of freshwater prawn culture in 
the rice fields of Vietnam, noting that rice-prawn farming 
was expanding rapidly in that country. This author found 
that an integrated two rice crop and one prawn crop system 


with low investment costs was suitable for application by 
poor farmers. However rotational rice-prawn systems pro¬ 
vided greater yield and profit than the integrated system; 
however a greater initial investment was required, making 
it more suitable for more wealthy farmers. Further infor¬ 
mation on this important topic has been published by Lan 
etal. (2006a-c). 

11.2.5 Profitability 

Many polyculture studies cover profitability, usually in com¬ 
bination with a discussion of yield. In most cases, the 
polyculture of prawns in ponds appears to be beneficial 
(Costa-Pierce et al. 1987; Scott et al. 1988; Davis 1990). 
On the other hand, tilapia, which were inadvertently intro¬ 
duced into prawn ponds in Hawaii, have been described 
as ‘pest fish’, causing serious competition for food (Brock 
1988). Tilapias were also grown in cages in freshwater prawn 
ponds in Puerto Rico but this practice was described as a 
‘disaster’ (J. Glude, pers. comm. 1993) because of escapees, 
which took years to eradicate. However, the polyculture of 
artificially incubated sex-reversed caged tilapias in Macro- 
brachium ponds, which would solve this potential problem, 
was under trial in Brazil in the 1990s (S. Zimmermann, 
pers. comm. 1999). A few examples of claims about the 
profitability of prawn polyculture in various countries are 
provided in this section. However, detailed studies of the 
economics of any form of grow-out system of freshwater 
prawn culture are scarce; thus, some caution is advisable in 
making assumptions about the profitability of polyculture. 
The economics of freshwater prawn farming generally are 
discussed in Chapter 20. 

Several reports of economic analysis of polyculture 
and integrated rice-prawn-fish systems are available from 
smaller rice plots to extensive ghers (for more information 
on ghers, see Chapter 8) in Bangladesh. Kunda etal. (2007) 
found the highest cost-benefit ratio (2.76:1) in ponds where 
mola, prawn and catla were grown together, followed by a 
catla-tilapia-prawn-mola treatment (2.40:1). According to 
cost and revenue analysis, treatment catla-prawn-mola was 
the best combination for prawn-mola culture in rice fields 
by the alternate method. Highest revenue and net income 
per 122 day period were Tk. 364 971/ha and Tk. 215 141/ha 
(US$ 5314 and 3132), respectively. In an experiment com¬ 
paring the stocking of all-male, all-female and mixed sex 
prawns with mola, the all-male treatment produced the 
highest benefit-cost ratio (2.49:1). Uddin et al. (2007d) 
observed that the net profit margin was similar between 
fed traditional and non-fed periphyton-based ponds. In¬ 
terestingly, although the contribution of prawns to the total 
production in volume, as compared to tilapia, was very 
low (4-7%), it contributed 22 to 32% to the total sales 
value. Therefore, even at low density, freshwater prawns 
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can contribute an important fraction of farming revenue in 
tilapia-prawn periphyton-based systems. 

In a study that evaluated the profitability and technolog¬ 
ical acceptability of fish-prawn polyculture in Bangladesh, 
Hoq etal. (1996) stated that cost-benefit ratios ranged from 

I. 34 to 1.92 with 33.8 to 92.3% economic returns on in¬ 
vestment. One farmer in Southern Brazil is reported to 
have increased his net income by 30% after introducing 
grass carp into M. rosenbergii ponds (M. Azevedo, pers. 
comm. 1994). Previously, several farmers had noticed that 
prawns produced in polyculture with fish had a smaller size 
variation (Zimmermann 1991). D’Abramo etal. (1986) re¬ 
ported the same phenomenon. Hepher & Pruginin (1981) 
noted high growth rates and feed savings as advantages of 
using grass carp in polyculture with prawns. In addition, 
the waste ‘green-pellet’ - partially digested forage - is well 
utilised by prawns. Adisukresno et al. (1982) also registered 
an increase in prawn productivity - 550 to 2250 kg/ha/yr - 
by introducing phytoplanktophagous fish, such as Nile 
tilapia and silver carp, in Indonesian ponds. Carvalho 
et al. (1998), having tested the economic feasibility of cul¬ 
turing M. rosenbergii with common carp in Northeastern 
Brazil, concluded that polyculture gave the best economic 
result when compared to the monoculture of either carps 
or prawns. 

Bo etal. (1995) reported that M. rosenbergii farmed inlow 
salinity (6-9p.p.t.) ponds in China, together with mullet, 
generated an extra farm income of 68.3%, compared with 
farming prawns in monoculture. In a previous trial, Dong & 
Zhang (1993) had obtained similar results in an experi¬ 
ment where M. rosenbergii were monocultured or polycul- 
tured with silver carp, bighead carp, grass carp and mullet. 
The output from monoculture was 145 kg/mu (2175 kg/ha), 
while the polyculture of M. rosenbergii with fish produced 
224 kg/mu (3360 kg/ha) and increased the economic benefit 
of polyculture by about 300 yuan/mu (US$ 5445/ha) above 
that of monoculture. Sadek & Moreau (1996) reported that 
estimated net income/ha varied from US$ 946 to 7102 in an 
experiment comparing various monoculture and polycul¬ 
ture (with tilapia and carp) systems in Egypt (see section 

II. 2.3). Highest rates of return were found in high-density 
monoculture when juveniles were stocked (57.5%), and in 
low-density polyculture when 2 PL prawns/m 2 and 12 500 
fish/ha were stocked (30.9%). Sadek & Moreau (1998) also 
investigated the economics of the polyculture of prawns and 
tilapia in rice paddies (see section 11.3). 

A net income of US$ 5309/ha and US$ 4095/ha from a 
180-day production of 1045 kg/ha of prawns and 2700 kg/ha 
of tilapias, respectively, was reported in Israel by Mires 
(1987). Hulata et al. (1990) reported that the gross income 
from prawns in polyculture, calculated on differential values 
according to harvest size, ranged from US$ 4207 to 4376/ha. 
Sarig (1992) showed that income from ponds stocked with 


common carp and/or tilapia (O. aureus x O. niloticus ) could 
be increased by 17 to 47% by stocking M. rosenbergii, with¬ 
out any detrimental effect on fish production. 

Engle (1987) examined the economics of two polycul¬ 
ture systems in Panama: tilapia, grass carp and freshwater 
prawns; and pacu ( Colossoma mitrei), grass carp and fresh¬ 
water prawns, compared to the monoculture of prawns. 
All systems were economically feasible but internal rates of 
return ranged from 13% for the monoculture systems to 
23% on the polyculture ones, leading to the conclusion that 
polyculture was preferable. 

In South America generally, the introduction of fresh¬ 
water prawns at low densities (2-3/m 2 ) into fishponds 
cost from US$200 to 840/ha/cycle in 1998, based on the 
typical PL costs in that continent (US$ 10-28/1000) at 
that time (S. Zimmermann, pers. comm. 1999). Assum¬ 
ing that PL are the only extra operational cost in this pro¬ 
cedure, it is possible to generate an additional income of 
US$ 1750 to 3000/ha/cycle, based on a production of 350 
to 600 kg/ha/cycle. A similar situation was reported from 
Israel in the late 1980s, at the time when prawns were com¬ 
mercially cultured there (Chapter 17). Despite the low pro¬ 
ductivity of prawns in the culture system (~300 kg/ha), the 
income was twice as much as from fish, due to the high 
commercial value of the prawns (Z. Ra’anan, pers. comm. 
1989). 

Cost comparison of three different types of feed treat¬ 
ments was made by Tidwell et al. (2000) while evaluat¬ 
ing the effect of distillers’ grains with solubles (DDGS) in 
polyculture of prawn with Nile tilapia grown in cages. Al¬ 
though the individual weight, length and specific growth 
rate were significantly higher, and feed conversion ratio 
was significantly lower for Nile tilapia fed a commercial 
catfish diet (31% protein) than for fish fed either unpel¬ 
leted loose grain ration (26% protein) or steam pelleted 
DDGS without any significant difference in survival among 
treatments (>95%), unpelleted DDGS feed was the most 
economical treatment compared to the other two. Despite 
increased growth in fish fed the commercial diet, their cost 
of production (US$ 0.66/kg gain) was significantly higher 
than in fish fed unpelleted and pelleted DDGS (US$ 0.26/kg 
gain and US$ 0.37/kg gain, respectively). The cost of gain 
in fish fed unpelleted DDGS was significantly lower than 
in fish fed the pelleted DDGS, suggesting that DDGS pro¬ 
vides economical growth in tilapia when fed as a direct feed 
without pelleting. 

Hossain & Islam (2006) conducted a study aiming to 
optimise stocking density of freshwater prawns in 10 carp 
experimental ponds of 80 m 2 for 3 months that contained 
some economical analysis. Five stocking densities of prawn, 
0.25, 0.5, 0.75, 1.0 and 1.25/m 2 , were tested combined 
with three of catla (Catla catla) rohu ( Labeo rohita) and 
silver carp ( Hypophthalmicthys molitrix ) (2500, 5000 and 
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2500/ha). Each treatment had two replicate ponds, and the 
mean initial weights of prawn, catla, rohu and silver carp 
were 1.1 ± 0.02,8.28 ±0.1,25.2 ± 1.1 and 36.32 ± 1.2 g, re¬ 
spectively. Feed conversion ratios ranged from 2.05:1 to 
2.20:1, prawn survival ranged from 72% to 78%, and the 
survival rates of fish varied from 80 to 93%, 90 to 95% and 
90 to 92% for catla, rohu and silver carp, respectively. The 
results showed that there were no significant differences 
among the weight gains of prawn and carp in the various 
treatments. Total production for 3 months ranged between 
2618 and 2916 kg/ha. The production of prawns was signif¬ 
icantly higher (361 kg/ha) at the highest stocking density of 
1.25 prawn/m 2 . Although there was no significant differ¬ 
ence (P > 0.05) between the total production of prawns 
and fish together, the highest net profit (Tk. > 69 006/ha; 
US$ 1004) was obtained in the treatment with a stocking 
ratio of 4:1:2:1 of prawns:catla:rohu:silver carp at a total 
density of 20 000/ha; it was thought that this might be the 
best for prawn-carp polyculture in ponds in Bangladesh. 

In a study examining the effects of stocking caged 
monosex Nile tilapia ( Oreochromis niloticus) in polycul¬ 
ture with freshwater prawns in temperate ponds, Danaher 
et al. (2007) reported that profit increased as total produc¬ 
tion intensified; 0.04 ha ponds stocked with prawns alone 
(69160/ha; ~7/m 2 ) achieved a profit of US$ 3931/ha in 
a 114 day culture period. Ponds that included 1 m 3 cages 
stocked with 100 tilapia/cage and harvested after 106 days 
earned a total profit of US$ 13 331/ha and US$ 22 061/ha, 
respectively, when 2 and 4 cages per pond were added. 


11.3 Integration of prawn culture with 
crop production 

As noted by New (1995), the feasibility of using the wastew¬ 
ater from fish-prawn polyculture for the irrigation of tree 
crops and other crop production on the bunds of prawn 
ponds is not uncommon. This author also noted that, in 
Puerto Rico, prawns had been shown not to depress rice 
production when grown together, a practice also reported 
in Japan and Southern Brazil. A pilot study on a channel 
catfish/prawn/red swamp crawfish rotation with rice pro¬ 
duction was also reported to have been carried out in the 
USA. In Hawaii, Costa-Pierce (1987) used the outlet water 
from a polyculture experiment to irrigate 0.79 ha of pa¬ 
payas (Carica papaya), hybrid bananas cv. Williams ( Musa 
sp.) and avocados Yamigata (Persea americana). Mohanty 
(2003) recommended a maximum combined stocking den¬ 
sity of 25 000/ha for a 30:30:15:15:10 stocking ratio of catla, 
rohu, mrigal, common carp and M. rosenbergii in a rice-fish- 
prawn culture system in India. Beyond this level, yield de¬ 
creases and growth become density-dependent. This study 


achieved an average total productivity of 907 to 1282 kg/ha 
of fish and prawns. 

Preliminary work by Chattopadhyay et al. (1995) de¬ 
scribed a two-phase rice-aquaculture experiment in West 
Bengal (India). In the monsoon season, the culture of M. 
rosenbergii with the Indian carps rohu, catla and mrigal, 
together with exotic fish species (silver carp and the Java 
carp, Puntius javanicus), was combined with the farming 
of a semi-salt-tolerant rice strain. In the dry season (April- 
June), the area was used solely as a pond, filled from a local 
estuary, for rearing mullet (Liza parsia) and marine shrimp 
(Penaeus monodon). Due to the flushing efficiency of the 
monsoons, soil salinity showed no increasing trend, even 
after five years. Annual yields of 3.3 t/ha of rice were com¬ 
plemented with 0.43 t/ha from brackishwater aquaculture 
and 0.44 t/ha from freshwater aquaculture. 

Sadek 8t Moreau (1998) evaluated the technical and eco¬ 
nomic feasibility of cultivating freshwater prawns (M. rosen¬ 
bergii) , either stocked alone at two densities (1 and 2 PL/m 2 ) 
or stocked at 1 PL/m 2 with 5000/ha of Nile tilapia (O. 
niloticus) in rice fields in Egypt. The maximum net re¬ 
turn achieved was US$ 4507/ha, which was obtained in the 
rice-prawn culture at the higher prawn stocking density. 
Rice alone gave the lowest net return (US$ 904/ha), while 
the rice-prawn-fish system was intermediary. 

Eversole 8t Pomeroy (1988) reviewed the potential of 
rice-prawn culture in Asia and drew comparisons with 
crawfish-rice culture in the USA. Janssen et al. (1988) in¬ 
vestigated the possibility of combining prawn culture with 
rice production by stocking PL60 M. rosenbergii in trenches 
dug around Thai rice fields. PL1 prawns were nursed to 
PL60 in ponds prior to stocking. About half of the prawns 
reached marketable size within 3 months when stocked at 
1.25/m 2 . Rice-prawn culture was the subject of a trial by Das 
et al. (1991) in India. These authors used pens made from 
woven bamboo splicings and stocked them with M. rosen¬ 
bergii, together with rohu, common carp and Java carp, in 
deepwater rice fields. Roy etal. (1991) integrated prawn cul¬ 
ture in deepwater rice fields with vegetable production and 
showed that rice production was increased by the presence 
of fish and prawns. Deepwater rice fields are not feasible in 
all regions. For example Southern Brazil, which is a major 
intensive and mechanised rice production area, employs 
modern rice varieties which are very short-stemmed and 
require shallow water. 

A paper by Lightfoot & Nguyen (1990), which deals pri¬ 
marily with effective methods of aquaculture extension, 
reported that the income from prawns in integrated rice- 
prawn culture can be two or three times as great as that 
from rice monoculture. While the introduction of fresh¬ 
water prawns reduces the area devoted to rice paddy by 
15%, it also reduces weeding costs by about 33% (prawns 
eat weeds), and reduces fertilisation costs by 28% without 
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Fig. 11.1 Rice-prawn farm in Cantho Province, Mekong 
delta, Vietnam. Note: rice-growing areas are surrounded 
by peripheral canals which have been prepared for the 
culture of M. rosenbergii. Vegetable crops are often 
grown on the canal dykes. In this farm, a bamboo 
structure has been erected which is used to support 
cucumber vines. (Reproduced from Hien et at. 1998, by 
permission of Japan International Research Center for 
Agricultural Sciences [JIRCAS].) 


lowering rice yield. Rice-prawn and vegetable-prawn cul¬ 
ture are commonplace in Vietnam (Fig. 11.1). The major 
period of freshwater prawn growth is in the monsoon sea¬ 
son, May to October (Lin & Lee 1992). Wild-caught 2 to 5 g 
prawns are stocked in rice fields with peripheral trenches 
2 to 3 m wide and 1 m deep (sometimes with transverse 
or diagonal ditches in large fields) at 1 to 2/m 2 during the 
culture of the first rice crop in the early part of the year. 
Prawns are given a supplemental feed of rice bran mash. 
Harvests of 200 to 400 kg/ha/yr are achieved, with a value 
of US$600 to 1200, much more than the value of the rice 
crop. Prawns were also reported to be stocked at 4 to 6/m 2 
in rice fields with platforms and levees for growing cucum¬ 
bers, string beans, eggplants and banana, and fed with a rice 
bran/cassava chips/trash fish diet. The yield from this form 
of integration was said to be around 500 kg/ha in 6 months, 
with a gross annual income 3 or 4 times that achieved from 
the use of the area for rice production alone. 

In a review of rice-prawn culture in Vietnam, Hien et al. 
(1998) stated that prawn productivity was typically 150 to 
180 kg/ha and that rice production was enhanced by such 
integration. Nguyen et al. (1993) studied 42 private rice- 
based farms in Vietnam into which M. rosenbergii had been 
introduced. Prawns were reared in both rice-prawn systems 
and in garden trenches supplying fruit trees and vegetables. 
Annual rice production averaged 8.5t/ha from two crops 
and a prawn yield of 354 kg/ha was obtained from a single 
annual crop. Rice contributed 42% to net farm income and 


prawns contributed 32%. Rice was destined for domestic 
markets but prawns were sold as a high-value cash crop for 
export and yielded 43% of the cash income, compared with 
only 20% from rice. For a small increase in labour, a 72% 
increase in net farm cash income was produced. Cassava 
chips, coconut waste and leftovers of broken rice and bran 
from milling were used as prawn feed, and enriched mud 
from trenches was used as garden fertiliser. More than 25% 
of the 4 million ha Mekong delta is affected by the oxidation 
of potentially acid soils. The introduction of prawns and 
better water management alleviated this problem in the 
farms studied. 

Nguyen et al. (1993) proposed a method to examine the 
sustainability of this form of aquaculture. These authors 
noted some problems, which were caused by the preda¬ 
tion of prawns by fish and humans, shortages of fry, and 
water pollution due to the heavy use of farm chemicals 
in the delta for the production of high-yielding rice vari¬ 
eties. Similar problems in Vietnam had been reported by Le 
(1992), who recommended the establishment of nurseries 
to rear prawns to 4 to 5 g before stocking for grow-out. In 
addition to the feeds mentioned by Nguyen et al. (1993), Le 
(1992) noted the use of trash fish, shrimp head wastes and 
fiddler crab ( Uca sp.). One to two prawns/m 2 were being 
stocked in rice fields with peripheral ditches; water levels 
ranged from 0.15 m in the rice fields to 1.2 m in the ditches. 
Juvenile prawns were stocked 15 to 20 days after rice trans¬ 
planting. Reported problems included poor management, 
low pH and predators. Nguyen (1993) stated that farmers 
may obtain as much from selling 1kg of size 1 (>70g) 
prawns as from selling about 70 kg of paddy rice. However, 
farm-gate prices were reported to be unstable and to suffer 
from gluts at peak harvesting periods. 

Hien et al. (1998) reported that rice-prawn integrated 
farming could be made more effective by combination with 
polyculture. Indeed, Vietnamese farmers were said to be 
already stocking silver carp, tilapia and common carp, as 
well as M. rosenbergii, in their rice fields. Irrigated rice fields 
were experimentally used for grow-out to market size and 
also as nurseries for rearing M. rosenbergii PL to juvenile 
size, prior to stocking in grow-out ponds in Indonesia, by 
Hadidjaja & Yunus (1994). However, the growth rate ofPL 
in rice-field nurseries was low, compared to that in nursery 
ponds. 

In areas of Vietnam where only one rice crop is pos¬ 
sible because the salinity of rivers and canals is too high 
for growing rice during the dry season, the addition of M. 
rosenbergii to an integrated system may be beneficial, as 
shown by experiments in the north Can Gio District of Ho 
Chi Minh City carried out by Lai et al. (1998). In these 
experiments in crustacean-crop integration, which were 
conducted in 3 fields (0.4, 0.5 and 0.6 ha), rice was planted 
in mid-June, freshwater prawns were stocked (10 500/ha; 
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1.05/m 2 ) at the end of June, the rice was harvested in mid- 
November and freshwater prawns were harvested in early 
February. In one field, marine shrimp ( Penaeus monodon ) 
were also stocked (10 500/ha; 1.05/m 2 ) in mid-February 
and harvested in early June (just before the rice planting of 
the second year). Yields ranged from 2.9 to 3.41 of rice and 
434 to 596 kg/ha of freshwater prawns (average individual 
weights ranged from 62 to 76 g). In the one field where tiger 
shrimp were stocked, an additional 390 kg/ha of shrimp 
was harvested (mean weight 42 g). The authors stated that 
1000 ha were available for this type of crustacean-crop in¬ 
tegration in the district where the experiments were con¬ 
ducted, and that this form of farming represented a low- 
investment, high-revenue, no-pollution opportunity. The 
farmed crustaceans used natural food until the final month 
of culture, when supplemental food was supplied. In an 
experiment to determine the appropriate combination of 
feeding and fertilisation regimes for the giant freshwater 
prawn cultured along with rice in rice fields (juveniles of 
1.5 g size stocked on the 3rd day after rice transplantation 
at a density of 2/m), Giap et al. (2005) found that the 
treatment with basal fertilisation and commercial feed (fed 
twice daily at 5% reducing to 2% of body weight during 
the experiment) gave the highest economic returns with 
significantly higher yields of rice (0.42 kg/m) and prawn 
(347 kg/ha/crop; 23.8 ± 0.9 g individual size), and repre¬ 
sented the most appropriate nutrient input regime for the 
rice-prawn integrated culture system. Further details on 
rice-prawn culture in Vietnam are given in the papers by 
Phuong etal. (2006,2007, which are reviewed in Chapter 17; 
additional information is given in Lan (2006) and Lan etal. 
(2006a-c). 

A good example of the potential of integrating rice-prawn 
farming is in Kerala state of India where vast areas of wet¬ 
lands suitable for freshwater prawn or fish farming are avail¬ 
able. In Trichur district there are 33 000 ha of waterlogged 
paddy fields that are below mean sea level (locally known 
as Kole lands) where paddy cultivation is traditionally car¬ 
ried out for four months during November to February. 
During the remaining period of the year these lands are 
waterlogged, holding 2 to 3 m of water depth and are kept 
unused. Integration of prawn culture with a view to utilising 
the idle period involves stocking prawns during March, and 
growing them until October every year. Nearly 1200 ha are 
presently under fish and prawn farming; realising the poten¬ 
tial for prawn culture more farmers are being introduced to 
this innovative practice (New etal. 2008). In the paddy fields 
(locally known as Kuttanad fields) adjoining three river sys¬ 
tems draining into the Vembanad Lake spread through three 
southern districts of Kerala, a system of paddy-prawn ro¬ 
tational farming known as ‘One crop paddy - One crop 
prawn has been in practice for many years. Batch culture is 
recommended in these paddy fields, in view of the extensive 


nature of the paddy polders, the short period available for 
culture and the high labour costs prevailing. In addition, 
the grow-out fields have to be drained and relinquished 
for rice cultivation immediately after 6 months of prawn 
rearing; however, this often results in poor yields because of 
differential growth. The inundated paddy fields have areas 
extending from 20 to 400 ha and have outer flood protection 
bunds lined on one or two sides with coconut gardens and 
a central water feed canal that regulates intake water supply 
by gravity through sluice gates. Water drainage is by pump¬ 
ing by means of axial flow pumps of 25 to 100 hp capacity 
that are installed at the side of the bund. The peripheral 
bunds are tall and strong enough to withstand floods, al¬ 
though occasional flash floods may cause the embankments 
to overflow, leading to crop loss; this is one of the major 
constraints of prawn farming in these wetlands. Paddy cul¬ 
tivation is mostly managed by co-operatives organised by 
groups of farmers who have collective ownership and own 
individual plots varying from 0.1 to 5 ha within the polder. 
Prawn culture is either carried out directly by the farmer 
groups or leased out to prospective entrepreneurs. 

The farming practices in the Kole lands and the Kuttanad 
paddy fields are similar (New etal. 2008). Usually the stock¬ 
ing densities of PL 10 to 20 prawns employed in Kole lands 
are 10 000 to 12 000 (1.0-1.2/m 2 ) together with fish at 1000 
to 1200/ha. In Kuttanad similar or stocking densities of 1.5 
to 2.0/m 2 are in use. The fish species used include grass 
carp, silver carp, catla, rohu and common carp. Growing 
koi carp in these lands has also been found to be successful. 
More than 50% of the total fish stocked are grass carp that 
devour the profuse growth of aquatic weeds in the fields. 
Silver carp and catla help to utilise the phytoplankton and 
zooplankton; while common and koi carps keep the bot¬ 
tom stirred, thereby improving the oxidation of the bottom 
soil. An average marketable size of 70 g is obtained in 6 to 
8 months of culture, giving overall yields of500 to 750 kg/ha. 
Harvested prawns range from 15 to 100 g or more. Cull har¬ 
vesting is not always possible and the final drain harvesting 
is difficult because of the large size of the polders. Rice 
farming in Kuttanad, India, when integrated with fish and 
prawn farming, brings significant savings in fertiliser and 
pesticide costs and recently is reported to be leading the way 
towards ‘certified organic’ farming (Salin & Nair 2008). 

The cultivation of freshwater prawns in modified rice 
fields - locally referred to as ghers- has been a recent devel¬ 
opment in Bangladesh that is particularly prevalent in the 
southwestern part of the country, where prawn farming al¬ 
ternates with paddy production (Asaduzzaman et al. 2006). 
Most farmers avoid cultivating rice during the monsoons, 
when the prawns are in the ghers. Although most traditional 
culture systems are extensive, many farmers adopt the im¬ 
proved extensive mode of farming that combines tradition 
and technology. 
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Huq et al. (2007) have reported that in the Bagerhat re¬ 
gion of Bangladesh M. rosenbergii ( golda ) polyculture was 
practised with P. monodon ( bagda ) and carp such as rohu, 
catla, silver carp and mrigal in fresh to hyposaline water 
(0—3 p.p.t.)- Many farmers practise integrated culture of 
all these polycultured species with low salt tolerant paddy 
(BR-23; BRRI-27,40,41) and vegetables on the dyke. These 
authors conducted a cost-benefit analysis of golda-bagda- 
carps polyculture and integrated culture in fresh to hy¬ 
posaline water. The size of the studied farms varied from 
0.67 to 2 ha. The range of stocking density of golda, bagda, 
rohu, catla, silver carp and mrigal were 6000-9000, 17 000- 
19 000, 400-800, 550-700, 350-650 and 400-600/ha, re¬ 
spectively, in polyculture; and 5000-7000, 12 500-15 000, 
300-450, 250-400, 180-300 and 200-350/ha, respectively, 
in integrated culture. The farmers usually used farm-made 
feed prepared from locally available ingredients such as rice 
bran, wheat bran, mustard oil cake, soybean meal, low cost 
rice, etc., as well as large quantities of snail meat. The pro¬ 
duction rates of golda, bagda, rohu, catla, silver carp and 
mrigal were 120, 137, 65, 57, 35 and 31 kg/ha, respectively, 
in polyculture; and 101,117,36,32,34 and 25 kg/ha respec¬ 
tively in integrated culture. In addition, in the integrated 
culture, the production of paddy and vegetables were 2446 
and 634 kg/ha respectively. The net profit of polyculture and 
integrated culture were Tk. 65 306 and 67 038/ha (US$ 951- 
976/ha), respectively. The study revealed that both culture 
systems were profitable. 

In a recent review, Ahmed et al. (2008) reported that 
most prawn farming in Bangladesh is by integrated prawn 
farming in ghers, which potentially provides good oppor¬ 
tunities for diversified production, primarily with prawns 
(for export) and fish, rice and dyke crops (for local markets 
and household consumption). The peak season for prawn 
farming in ghers is from May to January. Prawn PL are 
stocked in May to June and harvested after around nine 
months. Farmers cultivate boro rice in the central plateau 
of the gher during the dry season from January to April 
and avoid cultivation of monsoon season aman rice during 
June to October when the prawns are in the ghers, because 
of their perceived negative effects on prawn growth. Cul¬ 
ture of a high value crop, such as prawns in rice fields, was 
found to be advantageous because it almost automatically 
restricts the use of pesticides, and is viewed as a means of 
integrated pest management. This system is thus gaining 
much popularity in Bangladesh. Carp species cultured with 
the prawns in ghers include catla, rohu, mrigal, silver carp, 
grass carp and common carp, which are generally stocked 
at low densities ranging from 2000 to 5000 fingerlings/ha 
and harvested throughout the year. Almost all farmers cul¬ 
tivate on a small-scale a variety of dyke crops such as car¬ 
rots, tomatoes, onions, mustard, long yard beans, spinach 
and peas during winter, and potatoes, ladies fingers, sweet 


gourds, cucumbers and chilli during the summer season. 
A range of short-cycle fruits such as bananas, papayas and 
guavas is also produced on the dykes. 

11.4 General conclusions 

Freshwater prawns clearly have a role to play in success¬ 
ful commercial polyculture and integrated aquaculture, 
which is already being exploited in some countries (no¬ 
tably Bangladesh, Brazil, China, India and Vietnam) and 
has been the subject of experimentation in many others. 

Stocking prawns in polyculture with finfish has the po¬ 
tential of increasing total yield as well as farm income, 
particularly as prawns have a higher commercial value than 
most finfish. Some ecological advantages of polyculturing 
finfish with prawns, such as improved water quality (thus 
potentially reducing water exchange), increase the sustain¬ 
ability of this form of aquaculture. However, while the poly¬ 
culture of prawns with finfish is quite common in farming 
practice, scientific studies on this subject present a rather 
confused and incomplete story, which requires elucidation. 

The addition of prawn culture to rice farming is eco¬ 
logically sound and a good method of diversification. The 
integration of prawn with rice culture has decreased the 
utilisation of chemical fertilisers and pesticides in Asia. 
This has also been noted in Southern Brazil where ma¬ 
jor prawn farms are very close to rice fields. Thus, prawns 
predate insects, improve soil fertility and feed on the seeds 
of common rice-field weeds. However, the expansion of 
prawn-crop integration may be constrained, in both Asia 
and Latin America, by lack of technology transfer, shortages 
of prawn seed, and capital to develop and improve feeding 
systems and marketing deficiencies. 
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Louis R. D’Abramo and Michael B. New 


There is a considerable amount of information concerning 
the qualitative and quantitative nutritional requirements 
of the freshwater prawn Macrobrachium rosenbergii. The 
topic has been the subject of several reviews, which in¬ 
clude New (1976), Biddle (1977), Sick & Millikin (1983), 
D’Abramo & Sheen (1994), Fox etal. (1994), D’Abramo et 
al. (1997), New (1997), D’Abramo (1998), Zimmermann 
(1998), Mukhopadhyay etal. (2003) and Boonyaratpalin & 
Chittiwan (2007). Some nutritional requirements of fresh¬ 
water prawns differ from those of other crustacean species 
(D’Abramo 1998); these are founded upon their omniv¬ 
orous feeding habits, combined with the fact that most 
of their life span is spent in freshwater. Most of the in¬ 
formation derived from classical nutrient requirement re¬ 
search has yet to be applied to the development of prac¬ 
tical commercial diets for pond grow-out culture. This 
condition reflects the fact that grow-out systems for this 
species are predominantly pond-based and semi-intensive. 
The management strategies of semi-intensive, pond-based 
culture permit secondary productivity to contribute sub¬ 
stantially to satisfying nutrient requirements. However, as 
the resident biomass of freshwater prawns in a pond in¬ 
creases, normal levels of secondary productivity cannot 
sustain the nutritional needs for maximum growth, and 
additional food resources are needed. Farm-made or com¬ 
mercially manufactured diets are used to compensate for 
nutritional deficiencies, serving either as a direct sup¬ 
plemental source of nutrients or as an indirect source 
by enhancement of the natural productivity of the pond 
or both. 

The first parts of this chapter focus on nutritional phys¬ 
iology as well as age-dependent nutritional requirements 
derived from classical nutritional experiments. Follow¬ 
ing this, the results of studies concerning the suitability 
of particular dietary ingredients and use of commercial 
feeds are reviewed. The chapter concludes with a discus¬ 
sion of farm-made feeds and the presentation of some 
formulations. 


12.1 Diet and digestive physiology 

The study of Tidwell et al. (1995) provides insight into 
the dietary preferences of freshwater prawns relative to the 
benthic invertebrate populations inhabiting earthen ponds. 
When a nutritionally incomplete diet was provided, macro¬ 
invertebrate populations were reduced by approximately 
70%, presumably the result of consumptive predation by 
prawns. The greatest proportional decrease in resident ben¬ 
thic populations was observed for oligochaetes followed 
by insects, gastropods, chironomids, pelecypods and ne¬ 
matodes. The reductions in density were significant for 
all taxa. Using stable carbon isotope analysis, Schroeder 
(1983) found that M. rosenbergii feeds on a variety of foods 
consisting of chironomids, rock slime organic matter and 
microalgae. Analyses of stomach contents to determine di¬ 
etary preferences of freshwater prawns reared in nursery 
and grow-out ponds have confirmed that prawns are om¬ 
nivorous and principally bottom feeders (Correia et al. 
1998a). More than 75% of the stomachs examined con¬ 
tained plant matter and sand, 65% contained microalgae 
and 57% contained organic matter. Macroalgae (23%), in¬ 
sect remains (13%) and molluscan remains (10%) were 
also observed. Correia etal. (1998b) observed that fertilised, 
semi-intensively managed ponds provide more natural food 
organisms for prawns than either unfertilised or intensively 
managed ponds. Lilyestrom & Romaire (1987) found the 
per cent occurrence of macroalgae and insecta to be 37.9 
and 13.7%, respectively, in the stomachs of prawns collected 
during May to October from ponds where channel catfish 
were jointly cultured. Tidwell etal. (1995) found that when 
neither organic fertilisation nor a pelleted diet was pro¬ 
vided to pond populations of prawns, the total population 
of macro-invertebrates in the ponds was significantly re¬ 
duced. Mohanty (2003) analyzed the stomach contents of 
prawns in polyculture with Indian major carps and com¬ 
mon carp in a rice-fish integration grow-out system. He 
noted that prawns were omnivorous, but preferred mud. 
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detritus and benthos to zooplankton and phytoplankton. 
However, a supplemented feed (rice bran and groundnut 
oil cake) was by far the most abundant component of the 
stomach contents (62%). 

Plant material of the proper quality appears to be nu¬ 
tritionally beneficial. Harpaz & Schmalbach (1986) found 
that supplementation of fresh leaves of Ailanthus altissima 
(Simaroubaceae) and Malvaparviflora (Malvaceae) to a for¬ 
mulated diet fed to adults of M. rosenbergii reduced the 
incidence of black spot disease and eliminated a moult 
death syndrome. These results suggest that natural sources 
of plant material may serve as good sources of vitamin C, a 
required nutrient (see section 12.2.2.4). 

Characterisation of the activities of digestive enzymes of 
M. rosenbergii strongly suggests that this species is an omni¬ 
vore, the natural diet consisting of a variety of plant and an¬ 
imal materials (Lee etal. 1980). The freshwater prawn has a 
broad array of proteolytic enzymes, including carboxypep- 
tidases A and B, leucine aminopeptidase and trypsin, for 
chemical digestion of its natural foods. These investigators 
originally reported the presence of pepsin but this finding 
appears to be incorrect. Lipases and esterases have been 
identified but specific metabolic roles have not been de¬ 
termined. Chuang et al. (1985) have found that cellulase 
activity in M. rosenbergii exceeds that of each of five species 
of marine shrimp. Chitinases have also been reported for M. 
rosenbergii. An amylase is the only digestive carbohydrase to 
have been reported. Presumably carbohydrase activity for 
the freshwater prawn is comparatively higher than that of 
carnivorous species of shrimp. All of the digestive enzymes 
originate in the midgut gland (often referred to as the hep- 
atopancreas), where a number of other metabolic activities 
in decapod crustaceans occur (Ceccaldi 1997). The enzymes 
are emptied into the anterior portion of the small intestine 
where most of the intra-lumen digestion occurs. Observed 
regurgitation of food by prawns is believed to increase feed 
efficiency by decreasing the amount of energy needed to 
transport unassimilable material through the entire diges¬ 
tive system (Newman etal. 1982). 


12.2 Nutrient requirements 

12.2.1 Larvae 

Information about quantitative nutritional requirements of 
larvae has been difficult to obtain. The lack of success with 
formulated diets, particularly during early stages of devel¬ 
opment, has been attributed to an inability to produce suffi¬ 
cient amounts of digestive enzymes (Jones etal 1993) until 
the midgut gland begins to function, during stages VI or 
VII. However, a formulated diet has shown to be as effective 
as live Artemia nauplii for the larval culture of M. rosenbergii 


from stage IV to postlarvae (PL) (Kovalenko et al. 2002). 
The original diet had a moisture content of approximately 
65% (see Chapter 6 for ingredient composition); compara¬ 
ble growth and survival were achieved when the moisture 
level was reduced to 10 to 15%. D’Abramo et al. (2006) fed 
the latter diet exclusively to Litopenaeus vannamei from lar¬ 
val stage PZ2 or Ml to PL and growth, survival and enzyme 
activity were comparable to that achieved with the feeding 
of live Artemia nauplii. With some minor changes in ingre¬ 
dient composition, the diet could potentially serve to deter¬ 
mine qualitative and quantitative nutritional requirements. 

Live or frozen, newly hatched Artemia nauplii have gen¬ 
erally been the diet of choice for larval culture for both ex¬ 
perimental and commercial culture. During the latter stages 
of development, the Artemia are often supplemented with 
commercially manufactured or farm-made diets of suitable 
size for consumption. Artemia nauplii contain compara¬ 
tively high levels of protein and lipid, 55 and 21% (DW), 
respectively (Gallagher & Brown 1975). Protein and lipid 
would be expected to be the exclusive or almost exclu¬ 
sive sources of energy for larvae; therefore, requirements 
for these macronutrients are probably higher than those 
of juveniles and adults and are suitably served by Artemia 
nauplii. Roustaian et al. (2000, 2001) found that levels of 
protein in larvae increased during development, while the 
composition of essential amino acids remained relatively 
unchanged. The recognised nutritional value of Artemia is 
also embodied in its essential amino acid profile, which is 
similar to that of juvenile M. rosenbergii. 

Roustaian etal. (1999) observed changes in the fatty acid 
composition of larvae of M. rosenbergii during the differ¬ 
ent stages of larval growth. At stage I, prior to feeding, 
development appears to be dependent upon the use of ma¬ 
ternally derived saturated (16:0 and 14:0) and monounsat- 
urated (18:1,16:1) fatty acids, and 18:2 n-6 (linoleicacid) as 
sources of energy. Thereafter, the fatty acid profile reflects 
that of the Artemia diet and is characterised by an increase 
in n-3 fatty acids to levels that either increase or remain 
stable throughout larval development. Some of the results 
suggest that the larvae have the metabolic ability to con¬ 
vert 18:2 n-6 (linoleic acid) to 20:4 n-6 (arachidonic acid) 
and 18:3 n-3 (linolenic acid) to 20:5 n-3 (eicosapentaenoic 
acid). A dietary requirement for highly unsaturated fatty 
acids (HUFAs) was demonstrated by Deru et al. (1989). 
Larvae fed Artemia nauplii containing high levels (6.0%) of 
n-3 HUFAs had significantly greater survival and growth 
than larvae fed Artemia containing lower levels (0.3%). The 
low growth and survival of prawns fed Artemia with the 
low level of HUFAs were eliminated when a period of pre¬ 
feeding microcapsules containing high levels of n-3 HUFAs 
was incorporated into the culture protocol. A requirement 
for n-3 HUFAs is not unexpected given the brackishwa- 
ter requirement for successful larval culture. Larval prawns 
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fed n-3 HUFA-enriched Artemia exhibit earlier and more 
synchronous metamorphosis (Devresse et al. 1990), two 
characteristics which reduce the overall operational costs of 
larval culture. Cavalli et al. (1999) found that docosahex- 
aenoic acid (22:6 n-3) was used as a major source of energy 
during the early stages of development of the larvae. There¬ 
fore, the choice of an Artemia cyst product to be used in the 
culture of larval prawns should consider the levels of n-3 
HUFAs present in the tissue of the newly hatched nauplii. 
Pillai et al. (2007) prepared a simple low-cost HUFA en¬ 
richment medium using washings of uncooked rice (50 ml) 
and sardine oil extracted from fresh sardines ( Sardinella 
longiceps). This mix was added at 10 drops/100 ml to larval 
prawn stocked at 50/L in rearing tanks containing differ¬ 
ent densities (2 to 16/ml) of Artemia nauplii. All tanks 
containing enriched Artemia, except those that contained 
16 nauplii/ml, also received Isochrysis galbana at a den¬ 
sity of 1.1-1.4 x 10 5 cells/ml. The control treatment con¬ 
tained unenriched Artemia and no phytoplankton. Survival 
to metamorphosis significantly improved for all enriched 
Artemia levels, except at 2 nauplii/ml with or without phy¬ 
toplankton. The use of enriched Artemia nauplii at 12 or 
8/ml with phytoplankton significantly improved survival 
when compared to 16 enriched nauplii/ml without phyto¬ 
plankton. Enriched Artemia nauplii also reduced time to 
metamorphosis at all feeding levels except 2 nauplii/ml; the 
shortest time to metamorphosis was obtained with densi¬ 
ties of 12 and 8 nauplii/ml, both in the presence of phyto¬ 
plankton. Provision of adequate dietary levels of vitamin C 
also appears to be important. Larvae fed Artemia enriched 
with vitamin C tend to be more tolerant of stressful con¬ 
ditions. Chapter 6 contains a detailed discussion of these 
topics. Exuvia entrapment disease (EED), a possible nutri¬ 
tional deficiency disease affecting not only larvae but also 
juveniles and adults, is discussed in Chapter 14. EED was 
described in lobsters by Bowser & Rosemark (1981) and was 
termed moult death syndrome (MDS). Wang & Qianhong 
(1999) referred to this syndrome in freshwater prawns as 
‘ecydysis-obstacle disease’. 

12.2.2 Juveniles 

The bulk of information about the nutrition of M. rosen- 
bergii has been derived from investigations with juveniles 
under controlled laboratory conditions. Generally, man¬ 
agement strategies associated with commercial production 
of M. rosenbergii consist of a 30- to 60-day indoor or out¬ 
door nursery phase of culture in ponds or tanks (Chapter 
7). The high density associated with nursery culture and 
the desired healthy condition of the juveniles for stocking 
into grow-out ponds may warrant use of a nutritionally 
complete diet, especially in tank culture without a mud 
bottom. 


Juveniles probably require less dietary protein than lar¬ 
vae. Due to the short duration of the nursery phase and the 
comparatively small amounts of diet needed, higher cost, 
commercially manufactured diets containing high levels of 
protein and lipid, such as trout diets, are not economically 
prohibitive. These diets have routinely yielded good growth 
and survival when supplemented with frozen liver at levels 
of 15 to 25% (dry weight [DW]) of the diet (D’Abramo 
et al. 1995; Molina-Vozzo et al. 1995). 

12.2.2.1 Protein requirement 

Freshwater prawns appear to require the same 10 essential 
amino acids as other crustacean and fish species. Watanabe 
(1975) used isotopic precursors to determine qualitative re¬ 
quirements for arginine, histidine, isoleucine, leucine, me¬ 
thionine, phenylalanine, tyrosine and valine. There is some 
evidence that M. rosenbergii may lack the ability to biosyn¬ 
thesise asparagine (Smith et al. 1987). Experiments with 
other aquatic species have demonstrated that amino acid 
requirements, expressed as a per cent of dietary protein, 
are closely associated with the relative proportions found 
in their muscle tissue (Cowey & Tacon 1983; Wilson & Poe 
1985). Guidance about the potential quality of a dietary 
protein source or mixture of sources can be obtained from 
whole body essential amino acid profiles which are in turn 
used to produce an evaluative index such as A/E. This index 
is based upon the calculation of the relative proportion of 
each essential amino acid (A) to total essential amino acids 
(E). D’Abramo (1998) compared A/E indices of tail muscle 
and whole body tissue of juvenile M. rosenbergii with those 
of Penaeus monodon and Marsupenaeus japonicus. The rela¬ 
tive proportions of the essential amino acids are very similar 
between tissue and among the species (Table 12.1). If one or 
more dietary A/E ratios conspicuously deviate from those 
found in the tissue, then the dietary imbalance will prob¬ 
ably be expressed through a reduction in growth rate. The 
relative proportions of protein sources in diets prepared for 
M. rosenbergii can be manipulated to achieve the ‘ideal’ A/E 
ratios. 

To obtain maximum growth, a single protein source or 
a mixture of protein sources must be provided at appro¬ 
priate levels and proportions such that the requirements 
of all essential amino acids are satisfied. The most likely 
amino acids to be limiting in feedstuffs provided as protein 
sources are arginine, lysine and methionine. A particular 
protein source or group of protein sources which are sub¬ 
stantially deficient in one or more essential amino acids 
will be required in greater amounts to achieve a maximum 
growth rate or weight gain response. Accordingly, the ‘pro¬ 
tein requirement’ will be greater for a diet composed of such 
‘inferior’ protein sources. Experiments which have evalu¬ 
ated combinations of protein sources or essentially single 
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Table 12.1 Comparison of the ratio of total to essential amino acid content of whole body and tail muscle 
tissue (A/E indices) in M. rosenbergii and two marine shrimp species (Source: D’Abramo 1998.) 


Amino acid 

Macrobrachium rosenbergii 

Penaeus monodon 

Marsupenaeus japonicus 

Tail 

Whole body 

Tail 

Whole body 

Tail 

Whole body 

Arginine (Arg) 

190 

146 

183 

153 

nd 

152 

Histidine (His) 

46 

68 

42 

47 

nd 

45 

Isoleucine (lie) 

82 

73 

86 

85 

nd 

86 

Leucine (Leu) 

147 

148 

146 

146 

nd 

150 

Lysine (Lys) 

166 

164 

150 

145 

nd 

158 

Methionine (Met) 

60 

70 

65 a 

74 a 

nd 

75 a 

Phenylalanine (Phe) 

148 

172 

142 

155 

nd 

168 

Threonine (Thr) 

81 

88 

71 

76 

nd 

82 

Tryptophan (Try) 

nd 

nd 

21 

16 

nd 

nd 

Valine (Val) 

82 

73 

99 

100 

nd 

83 


a Includes cystine, 
nd = not determined. 

protein sources with a good amino acid profile (A/E indices 
highly comparable to those of muscle tissue) and high di¬ 
gestibility suggest that the minimum ‘protein requirement’ 
of juvenile M. rosenbergii is approximately 30 to 35% of the 
diet (Balazs & Ross 1976; Millikin et al. 1980; Freuchtenicht 
1987; Reed 1987). Teshima etal. (2006) took a different ap¬ 
proach towards estimating the dietary protein requirement 
of M. rosenbergii at 28.5°C. They investigated the amount 
of protein that needed to be consumed to yield the maxi¬ 
mum retention of body protein through estimates of daily 
protein requirements for maintenance and body protein 
increment. Casein was used as the primary protein source 
and the maximum retention of body protein was calculated 
to occur when 7.1 g of protein/kg BW/day are consumed. 
Hari & Kurup (2003) found that the survival of juvenile 
M. rosenbergii was lowest (66.7%) at a dietary protein level 
of 20%, while high survival (96.7%) was observed for the 
30% and 35% levels. Highest growth rates and maximum 
utilisation of protein occurred at the 30% level. All of the 
stated requirements and relative effectiveness of ingredients 
that serve as sources of protein are based upon satisfaction 
of each of the essential amino acid requirements for growth 
and any protein that may be required/used as a source of 
energy. Experiments suggest that the amount of dietary 
protein used as an energy source can be substantially re¬ 
duced (spared) through the provision of the proper levels 
and types of dietary carbohydrate and lipid. Therefore, un¬ 
der these conditions, the amount of dietary protein needed 
to achieve maximum growth can be reduced because al¬ 
most all dietary protein is channelled to tissue deposition. 
Dietary protein requirements may be age specific. 

The most efficient utilisation of dietary ingredients is 
also dependent upon the dietary protein/energy ratio be¬ 
cause the amount of non-protein energy ultimately affects 
the daily consumption of diet. Also, if diets contain low 
amounts of available non-protein energy, protein (P) which 


potentially could be used for growth has to be used to ob¬ 
tain energy (E). Among dietary P:E ratios ranging from 
65 to 134 mg protein/kcal, Summerlin (1988) found that a 
P:E ratio between 127 to 143 mg protein/kcal yielded the 
highest weight gain of M. rosenbergii. This range of val¬ 
ues is based upon calculations using apparent digestibility 
values of 5, 9 and 4kcal/g for dietary protein, lipid and 
carbohydrate sources, respectively Goda (2008) evaluated 
growth and survival when diets containing three different 
protein levels (30, 35 and 40%), each in combination with 
two lipid levels (10 and 14%), were fed. The P:E ratios of 
these diets represented a narrow range of P:E ratios, from 
16 to 21 mg crude protein/kj (67 to 87.9 mg protein/kcal). 
These authors found that a diet with a P:E ratio of 17 mg 
crude protein/kj produced significantly higher growth rate 
(except for the diet with a P:E ratio of 18) and survival and 
a significantly lower feed conversion ratio (FCR). Use of 
a greater range of P:E ratios in this study would probably 
have demonstrated significantly better responses at higher 
P:E ratios. Most of the optimum dietary P:E ratios for ma¬ 
rine shrimp fall within the range 110 to 130 mg protein/kcal. 
In addition, the levels of dietary lipid used by Goda (2008) 
are considered to be much higher than what is believed to 
be required (see section 12.2.2.2). 

Clifford & Brick (1978) indicated that the use of protein 
as an energy source by juvenile freshwater prawns was min¬ 
imised at a 1:4 ratio of lipid to carbohydrate. Gomez Diaz 
et al. (1988) found growth and survival to be highest at a 
dietary proteimstarch ratio of 1:1. 

12.2.2.2 Triglyceride, cholesterol and 
phospholipid requirements 

The freshwater prawn has no fixed dietary lipid require¬ 
ment. The required amount is essentially based upon sat¬ 
isfaction of the requirements for essential fatty acids, in 
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combination with its supply as a good source of energy to 
spare (reduce) dietary protein requirements. With a good 
source of dietary protein, levels of dietary lipid which con¬ 
tain the appropriate levels of essential fatty acids can be as 
lowas2% (Sheen & D’Abramo 1991), particularly if dietary 
carbohydrate sources can be effectively used as sources of 
energy. When a 2:1 mixture of cod liver oil and corn oil 
was fed at dietary levels ranging from 2 to 10%, weight gain 
of juvenile M. rosenbergii was not significantly different. 
Maximum, although not significantly greater, weight gain 
was achieved at a level of 6%. Dietary lipid levels which 
exceed 10% are generally associated with a reduction in 
growth rate, possibly due to the inability to process such 
high levels. Querijero et al. (1997a,b) determined that di¬ 
etary stearic acid (18:0) and oleic acid (18:1) are used as 
sources of energy. Per cent weight gain was significantly 
reduced when the dietary level of oleic acid was increased 
from 1 to 8%. 

Freshwater prawns appear to require polyunsaturated 
fatty acids of C18 and C20 length (D’Abramo & Sheen 
1993). Juvenile prawns are unable to synthesise either 
linolenic (18:3 n-3) or linoleic (18:2 n-6) acids (Reigh & 
Stickney 1989). D’Abramo 8t Sheen (1993) added these 
fatty acids, either individually or in different proportions, 
to semi-purified diets containing no other polyunsaturated 
fatty acids (PUFAs) or HUFAs. No significant increase in 
weight gain of prawns fed these different diets was observed. 
These authors found a similar lack of growth responses to 
1% additions of either 18:2 n-6 or 18:3 n-3 to a lipid-free 
diet. Flowever, a requirement for these PUFAs may not 
be manifested through measurement of a weight gain re¬ 
sponse. In the absence of dietary 18:2 n-6 and 18:3 n-3, 
the size of the midgut gland relative to the whole body 
of juvenile prawns was significantly reduced (D’Abramo & 
Sheen 1993), suggesting that a possible nutrient deficiency 
adversely affected the storage of lipid and ultimately its 
metabolism to produce energy. Teshima etal. (1994) found 
that M. rosenbergii fed diets containing a mixture of 18:2 
n-6 and 18:3 n-3 had the highest weight gain. In this study, 
the optimum dietary ratio of n-6 to n-3 fatty acids was es¬ 
timated to be about 20:1 but the optimal concentrations of 
18:2 n-6 and 18:3 n-3 were not clearly established. 

The capability of freshwater prawns to synthesise FlUFAs 
from PUFAs, i.e. 20:5 n-3 and 20:4 n-6 from 18:3 n-3 and 
18:2 n-6, respectively, is extremely limited (Reigh 8t Stickney 
1989; D’Abramo & Sheen 1993). Results of the study of 
D’Abramo & Sheen (1993) suggested that 20:5 n-3 can 
be synthesised from 22:6 n-3; however, the capability of 
bioconversion in the opposite direction was found to be 
lacking (Teshima et al. 1992). Freshwater prawns require 
dietary HUFAs (D’Abramo & Sheen 1993), but at levels 
much lower than those reported for marine shrimp. Both 
n-3 and n-6 HUFAs (22:6 n-3 and 20:4 n-6) at a dietary level 


of 0.075% (DW) produced a dramatic increase in weight 
gain. An increase of dietary levels up to 0.6% did not result 
in any further significant weight gains. Thus, in contrast 
to marine species of shrimp, highly unsaturated essential 
fatty acids of the linolenic (n-3) family are not preferred 
over those of the linoleic (n-6) family. Tissues of wild adult 
M. rosenbergii contain levels of n-6 PUFAs and HUFAs 
that are conspicuously higher than those of n-3 PUFAs and 
HUFAs (Castell 1983; Chanmugam etal. 1983). The family 
of n-6 fatty acids is characteristic of organisms inhabiting 
freshwater environments. However, the prevailing need for 
saltwater for the larval cycle may explain why dietary n-6 
and n-3 HUFAs are equally effective in eliciting significant 
weight gain responses. 

M. rosenbergii, like other crustaceans, is presumably un¬ 
able to synthesise sterols de novo. The requirement of the 
freshwater prawn for dietary cholesterol is approximately 
0.5 to 0.6 g/100 g of diet (D’Abramo 8t Daniels 1994), a level 
within the range reported for other species of crustaceans. 
These authors found that when dietary beta-sitosterol, a 
plant-derived sterol (phytosterol), was substituted com¬ 
pletely for dietary cholesterol at a level of 0.6%, no sig¬ 
nificant differences in weight gain or survival resulted. Er- 
gosterol and stigmasterol were not effective substitutes for 
cholesterol. The sole presence of cholesterol in the tissue 
indicates that dietary beta-sitosterol is efficiently converted 
to cholesterol. This biosynthetic ability may possibly have 
arisen from the omnivorous feeding habits of the freshwa¬ 
ter prawns. This ability to utilise one or other plant sterols 
means that properly formulated commercial diets for fresh¬ 
water prawns are likely to require only a small amount of 
cholesterol, if any at all. Sherif et al. (1992) and Briggs 
et al. (1988) suggested that a dietary level of 0.12% is suffi¬ 
cient to satisfy the cholesterol requirement, but this amount 
does not take into account possible phytosterol contribu¬ 
tions from plant-derived feedstuffs in the experimental di¬ 
ets. Teshima etal. (1997) reported a cholesterol requirement 
of between 0.11 and 0.26% and found levels of body choles¬ 
terol increased in prawns fed a cholesterol-free diet. This 
latter observation led them to conclude that M. rosenbergii 
was capable of de novo synthesis. However, the soybean oil 
ingredient in the diet is a source of phytosterols which could 
have been converted into the cholesterol found in the body 
tissue. 

A dietary requirement for phospholipids, particularly 
phosphatidylcholine (PC) in the form of soy lecithin, has 
been demonstrated for both larval and juvenile species 
of marine shrimp. The need for PC may be due to rates 
of synthesis which are too low to provide sufficient PC 
when growth rates are rapid. However, a significant growth¬ 
enhancing effect of dietary phospholipid, provided in the 
form of soy lecithin, was not observed in three indepen¬ 
dent investigations conducted by Hilton et al. (1984), Kean 
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et al. (1985) and Briggs et al. (1988). When lecithin was 
added at a level of 2% to either a casein-based diet or di¬ 
ets with soybean protein, Alaska pollack meal, or sardine 
meal as a protein source, no improvement in growth or feed 
efficiency of communally reared juvenile (0.05 g) M. rosen- 
bergii was observed (Koshio et al. 1994). However, when 
prawns were reared individually, some effect was observed 
and these authors speculated that if the generally poor per¬ 
formance found under these conditions was due to stress, 
then supplemental PC might alleviate this phenomenon. 
Querijero et al. (1997b) also found that growth or survival 
of juvenile freshwater prawns was unaffected by the addi¬ 
tion of soybean lecithin at a dietary level of 2%, but the 
value of these results is questionable because the duration 
of the experiment was only 40 days. Phosphatidylcholine is 
a major component of lipoproteins that are known to trans¬ 
port lipids, specifically cholesterol, from the liver to other 
tissues (Teshima 1997). Despite this metabolic relationship, 
Briggs et al. (1988) did not find any evidence of an improve¬ 
ment in growth and survival of M. rosenbergii through an 
interaction between dietary cholesterol and phospholipid. 
Examining the effect of different levels of phospholipids 
(0.8, 2.4 and 4.6%) in isolipid diets fed to three groups 
of eight female freshwater prawns (M. rosenbergii), Cavalli 
et al. (2000) found no significant differences in fecundity, 
egg size and hatchability, starved larvae size, or in size, sur¬ 
vival and tolerance to stress of 8-day-old larvae. This work 
tends to support the contention that freshwater prawns 
do not need supplementary dietary phospholipids. Any 
requirement is likely to be satisfied by the phospholipid- 
containing ingredients in commercial diets. 

12.2.2.3 Dietary carbohydrates 

There is no fixed dietary requirement for carbohydrate but 
M. rosenbergii does use dietary carbohydrates as sources of 
energy. The total amount of dietary carbohydrate which can 
be effectively utilised by the freshwater prawn is generally 
dependent upon digestive capability (level of enzymatic ac¬ 
tivity) and may exceed that of species of marine shrimp. The 
comparatively higher rates of production of amylases found 
for M. rosenbergii may be a product of its omnivorous feed¬ 
ing habits. Complex dietary polysaccharides (i.e. soluble 
starch, potato starch, dextrin and alpha starch) are utilised 
better and yield higher growth rates than di- and mono¬ 
saccharides (Gomez Diaz & Nakagawa 1990; Briggs 1991), 
a nutritional characteristic shared by marine shrimp and all 
species of fish studied up to now. Querijero et al (1997c) 
found that dextrin and corn starch were good sources of di¬ 
etary energy. In laboratory experiments where the level of 
dietary fibre reached 30% (DW), growth of M. rosenbergii 
was unaffected (Fair et al. 1980). Cellulose may actually 
serve as a source of energy (Briggs 1991) rather than being 


nutritionally inert as once assumed. The nutritional value of 
dietary fibre for M. rosenbergii may reside in an increase in 
metabolic efficiency that is reflected in higher growth rates. 
Gonzalez-Pena et al. (2002) fed diets that contained 0, 5, 
10 and 15% a-cellulose to large (37 g) and small (13.5 g) 
M. rosenbergii. For the large prawns the mean rate gastric 
evacuation increased significantly at the 10 and 15% levels. 
Weight gain, FCR and protein efficiency also significantly 
improved. For the smaller prawns, significant improvement 
of growth, FCR and protein efficiency ratio only occurred 
at the 10% level. Inclusion of dietary a-cellulose at levels 
of 0, 5, 10 and 15% in semi-purified diets fed to juvenile 
M. rosenbergii was associated with significant increases in 
specific dynamic action (SDA) (Gonzalez-Pena & Moreira 
2003). SDA is manifested by an increase in oxygen con¬ 
sumption and heat production associated with metabolism 
of consumed food. The SDA for the 15% cellulose diet 
was significantly higher than that of each of the other diets 
containing cellulose between 4 and 6 hours after feeding. 
Based upon mean excretion rates of ammonia and oxy- 
gemnitrogen ratios, protein is catabolised at a slower rate 
for the diet containing 15% cellulose, thereby enhancing 
its assimilation. The results of this study also suggest that 
carbohydrate is used as an energy source during starvation. 
For both of the latter studies, cellulose levels higher than 
15% were not evaluated. 

12.2.2.4 Vitamin and mineral requirements 

Vitamin requirements of freshwater prawns are most prob¬ 
ably similar to those determined for other aquatic species 
because vitamins serve as metabolic catalysts for the same 
chemical reactions. Nevertheless, experimental determina¬ 
tions of qualitative and quantitative vitamin requirements 
are difficult. Potential contributions from gut microflora 
interfere with obtaining accurate determinations, particu¬ 
larly for experiments of short duration. In addition, due 
to the water soluble nature of many vitamins, precise con¬ 
trol over dietary levels provided in unbound form is not 
possible due to losses from leaching. The rate of leaching 
is exacerbated by an increase in the relative surface area 
of the particles caused by the breaking up of food parti¬ 
cles by the prawns, combined with an intermittent feeding 
activity. For most vitamins, clinical symptoms of deficien¬ 
cies are difficult to recognise or are not manifested ex¬ 
ternally. Heinen (1984) observed significant mortality in 
the absence of either dietary vitamin C or pyridoxine. The 
only reports published detailing a quantitative requirement 
for M. rosenbergii are for vitamin C. Using ascorbylpalmi- 
tate, D’Abramo et al. (1994) estimated the dietary vitamin 
C requirement to be approximately 100 mg/kg. Hari and 
Kurup (2002) used ascorbyl-2-polyphsphate in experimen¬ 
tal semi-purified diets prepared to provide vitamin C levels 
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of 0, 50, 100 150, 250 and 500 mg/kg. These authors esti¬ 
mated a vitamin C requirement of 135 mg/kg and found 
that whole body levels of vitamin C were directly re¬ 
lated to dietary levels. Both estimates are consistent with 
reported vitamin C requirements of species of marine 
shrimp. Wang et al. 2005 evaluated the effect of mega¬ 
dose vitamin C (form not stated) added to a basal diet at 
4000 mg/kg diet, which produced a cellular response that 
enhanced the ability of Macrobrachium nipponense to with¬ 
stand exposure to elevated levels of ammonia nitrogen was 
observed. 

Investigations addressing quantitative mineral require¬ 
ments of M. rosenbergii are lacking. Rath & Dube (1994) 
found that the best response (specific growth rate and FCR) 
to a range of levels of dietary zinc was at 90 mg/kg. For the 
freshwater phase of the life cycle of M. rosenbergii, satisfying 
the requirements for calcium and phosphorus is essential to 
growth. Any dietary calcium deficiencies for marine shrimp 
are most likely overcome by uptake from seawater. However, 
for organisms living in freshwater, calcium cannot always be 
readily obtained because a wide range in the concentration 
of calcium exists within different bodies of water. Zimmer- 
mann etal. (1994) found that inclusion of dietary calcium is 
important when the concentration of this mineral in water 
is low (soft water). These authors used diets with a 1.5:1 
ratio of calcium to phosphorus at dietary levels of either 3.0 
or 1.8% calcium, and CaC0 3 was introduced into the cul¬ 
ture water at levels of 23, 51 and 74 mg/L. Best survival and 
weight gain were obtained at a dietary level of 3.0% calcium, 
and a water concentration of 51 mg/L CaC0 3 . Response of 
the diets containing 1.8% calcium was highest at the high¬ 
est level of calcium added to the culture water. There is no 
information available concerning the dietary requirement 
for the other macromineral, namely phosphorus. 


12.2.3 Adults and broodstock 

The nutrition of broodstock M. rosenbergii has not received 
the same level of attention as that of marine shrimp. Infor¬ 
mation about specific nutritional requirements is limited 
and probably results from the lack of a need for routine 
maintenance of captive broodstock in many commercial 
hatcheries. Eggs can be easily hatched from females ob¬ 
tained from either grow-out ponds or capture fisheries. 
Broodstock nutrition would probably become a focus of 
research if interest in domestication through genetic im¬ 
provement develops. In addition, the knowledge that the 
nutritional history of broodstock influences the health and 
performance of larvae underlies the importance of under¬ 
standing broodstock nutrition, particularly as the need for 
consistency in commercial production arises. A practical 
broodstock diet is described in Chapter 4. 


Broodstock of M. rosenbergii maintained in environmen¬ 
tally controlled conditions in England in 1969 to 1971 were 
fed formulated diets in which freeze-dried (chicken) egg was 
a major ingredient (M. New, pers. comm. 2008). Character¬ 
istically, these diets were very high in both protein and lipid 
content. D’Abramo etal. (1995) reported the successful use 
of a high-energy, high-protein (40%) salmonid (trout) diet 
for broodstock M. rosenbergii. The successful experimental 
use of diets formulated for broodstock Macrobrachium has 
also been reported by de Caluwe et al. (1995), Das et al. 
(1996) and Cavalli et al. (1999). 

Das et al. (1996) evaluated 12 diets for the culture of 
broodstock. These diets were composed of various ingredi¬ 
ents and contained different levels of gross energy, protein 
and lipid. Based upon determinations of fecundity and per 
cent hatching rate of eggs for females fed each diet, the rec¬ 
ommended broodstock diet contained 40% crude protein 
and a gross energy level of 400kcal/100g diet. The other 
diets that produced significantly higher levels of fecundity 
and per cent hatching rate contained 40% protein and a 
gross energy/protein ratio of 92 to 99. Increases in fecun¬ 
dity were realised when the levels of dietary fishmeal were 
increased to 16 to 18%. Dietary protein with an essential 
amino acid index similar to that of the eggs contributes to 
the overall quality of broodstock diets. 

Cavalli et al. (1999) evaluated the effect of linoleic acid 
(18:2 n-6) andn-3 HUFAson the reproductive performance 
and quality of offspring of M. rosenbergii. Dietary 18:2 n-6 
increased fecundity and the addition of n-3 HUFAs resulted 
in increases in the gonadosomatic index, the weight of a 
clutch of eggs, and ultimately the number of eggs produced. 
Larvae hatched from females fed diets containing HUFA 
exhibited a higher level of tolerance to stressful conditions 
created by high levels of ammonia. However, manipulation 
of the level of dietary phospholipid in broodstock diets 
(Cavalli etal. 2000) had no significant effect on larval quality 
(see also section 12.2.2.2). Preliminary results indicate that 
8-day-old freshwater prawn larvae may be more tolerant 
to stress if they originate from females fed diets high in 
vitamins C and E (R. Cavalli, pers. comm. 1999). 


12.3 Grow-out feeds 

12.3.1 Commercial and experimental feeds 

The current semi-intensive or extensive nature of most of 
the grow-out culture of M. rosenbergii conducted globally 
has not warranted any urgent need for a species-specific, 
nutritionally complete diet. Grow-out feeds in most re¬ 
gions of the world are often farm-made (see section 12.3.2) 
rather than purchased from commercial manufacturers 
and, therefore are not the product of an application of the 
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Table 12.2 Ingredient composition of typical (32% 
crude protein) sinking catfish feed (Reproduced with 
permission from National Warmwater Aquaculture 
Center, Stoneville, Mississippi (E. Robinson, pers. 
comm. 2000).) 


Ingredient 

Composition 

(%) 

Soybean meal (48% crude protein) 

51.25 

Corn grain 

28.55 

Meat/bone/blood meal (65% crude protein) 

4.00 

Wheat middlings 

10.00 

Wheat grain 

5.00 

Dicalcium phosphate 

1.00 

Catfish vitamin mix a 

0.10 

Catfish mineral mix a 

0.10 

Total 

100.00 


a The vitamin and mineral mixes are commercially manufac¬ 
tured and formulated to meet the reported vitamin and min¬ 
eral requirements of channel catfish (NRC 1983), except for 
vitamin C. 

existing body of knowledge of the nutritional requirements 
of M. rosenbergii. Most farm-made diets consist of a variety 
of ingredients such as trash fish, soybean meal, corn meal, 
vitamins and minerals, piglet and chicken feeds (Boonyarat- 
palin & New 1993). An effective farm-made feed is realised 
through an evaluative approach based on trial and error. 

D’Abramo et al. (1995) have reported that commercially 
available 32% crude protein sinking catfish feed (Table 12.2) 
will adequately serve to promote growth during later stages 
of pond culture. Melotti etal. (1989) also found that pelleted 
catfish feed yielded good growth and survival of prawns cul¬ 
tured in ponds at 2.8 and 7/m 2 (semi-intensive) when fed at 
a rate of 5% of the live weight daily. These catfish feeds most 
probably served as both fertilisers and direct sources of nu¬ 
trition (see section 12.4). D’Abramo (2006) and D’Abramo 
& Hanson (2007) have demonstrated that pelleted supple¬ 
ments for beef cattle such corn gluten and range cubes are as 
effective as sinking catfish feed for pond production of M. 
rosenbergii at a stocking density of 28 405/ha in temperate- 
zone prawn farming (Chapter 10). These ‘organic fertilizers’ 
represent cost saving alternatives for commercial produc¬ 
tion at the lower end of semi-intensive culture in ponds (up 
to biomass densities of 700-900 kg/ha). Feeding rates com¬ 
monly range from 12.6 to 45 kg/ha/day during the season of 
pond production. If direct provision of nutrients is desired, 
precautions must be taken to ensure that the diet is suffi¬ 
ciently water stable. Stability increases the probability that 
the quantities of nutrients provided are ultimately available 
for consumption over a period of several hours. 

A number of commercially manufactured diets for fresh¬ 
water prawns contain binders to enhance the physical in¬ 
tegrity of the food. However, high inclusion levels of some 


binders in the past have proved to be toxic to prawns (M. 
New, pers. comm. 2008). The physical integrity of diets may 
also be enhanced through the manufacture of an extruded 
diet. If the proper combination of desired ingredients is 
used, sinking diets can be produced by an extrusion man¬ 
ufacturing process. A by-product of the extrusion process 
may be an increase in the digestibility of starch or starch- 
containing ingredients, resulting in an increase in the avail¬ 
ability of energy The digestibility of starch by catfish was 
improved when diets were manufactured by an extrusion 
process (Wilson 1994). 

The observations on the stomach contents of cultured 
freshwater prawns by Weidenbach (1982) were convinc¬ 
ingly confirmed by isotope studies on stomach contents 
conducted by Schroeder (1983). The latter study revealed 
that natural food items are preferred over formulated di¬ 
ets and contribute significantly to satisfying the nutrient 
requirements of M. rosenbergii. Therefore, recognising this 
feeding preference, more research should be directed to¬ 
wards the development of management practices which will 
optimise the availability of preferred natural food items. 

Results from a more recent study conducted by Tidwell 
etal. (1995) revealed that the use of different feeds andfeed- 
ing strategies produced differences in the levels of benthic 
prey organisms. The results of their study strongly suggest 
that prawns feed on macro-invertebrate populations, par¬ 
ticularly when nutritionally deficient formulated diets are 
provided. Prawns grown in earthen ponds were fed either a 
nutritionally superior formulated diet, a supplemental diet 
in which the fishmeal ingredient was entirely replaced and 
the vitamin and mineral mix ingredients were eliminated, 
or this supplemental diet combined with an organic fertili¬ 
sation protocol. There were no significant differences in the 
growth of prawns fed the ‘complete’ diet and that of prawns 
fed the supplemental diet combined with fertilisation. A 
significant reduction in the density of benthic organisms 
was observed when the supplemental diet was fed exclu¬ 
sively, and the growth rate of prawn populations in these 
ponds was significantly lower than that of prawns fed the 
complete diet. Growth of prawns fed the supplemental diet 
was significantly higher when fertilisation was included as 
a pond management practice. These results suggest that 
fertilisation most probably serves to enhance secondary 
productivity, providing for an increase in available ben¬ 
thic food organisms to be consumed and to compensate for 
nutrient deficiencies. In the absence of fertilisation, the sup¬ 
plemental diet was not sufficient in meeting the nutritional 
needs of the prawn populations. Prawns which were fed 
the complete diet probably met their nutritional require¬ 
ments with little or no need to forage on benthic organisms. 
The density of live benthic prey populations surveyed ap¬ 
pears to be directly related to the level of predation which, 
in turn, is based upon the quality of the formulated diet 
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provided and the resident biomass of the M. rosenbergii 
population. Lilyestrom & Romaire (1987) combined both 
visual and stable carbon isotope ratio analyses of stom¬ 
ach contents of M. rosenbergii grown at densities of 12 350, 
24 700 and 37 050/ha in ponds with channel catfish. These 
authors found that the relative contribution of formulated 
feed to the growth of the prawns increased as the mean 
weight of the population (total population biomass) in¬ 
creased. 

Assuming an inverse relationship between stocking den¬ 
sity and the relative effectiveness of fertilisation, D’Abramo 
(2006) and D’Abramo & Hanson (2007) used pelleted nu¬ 
trient supplements formulated for terrestrial grazing ani¬ 
mals (corn gluten pellets, range cubes) as fertilisers/nutrient 
supplements in low density (24 700-29 640/ha) pond pro¬ 
duction of M. rosenbergii. These ‘feeds’ contain levels of 
crude protein (18.5-23.0%) that are lower than those 
of nutritionally complete diets. However, their effective¬ 
ness in sustaining high growth rates for the total prawn 
biomass up to harvest rates of 700 to 900 kg/ha prob¬ 
ably resides in providing some nutrients directly while 
maintaining sufficient levels of benthic populations for 
consumption. 

Given the current level of knowledge of the digestive 
physiology and nutrient requirements of freshwater prawns, 
the prospects for complete or at least partial substitution of 
marine meals and oils as dietary ingredients are good. Plant 
oils may be sufficient to satisfy fatty acid requirements but 
some ingredient must contain at least a source of an n-6 
HUFA such as arachidonic acid. 

The replacement of fishmeal with soybean meal and a 
distillation waste product, distillers’ dried grains and sol¬ 
ubles, in diets for pond culture of the freshwater prawn has 
already been investigated (Tidwell et al. 1993). Three di¬ 
etary treatments consisting of diets containing either 15,7.5 
or 0% menhaden fishmeal were evaluated. The reduction 
or elimination of fishmeal was compensated through the 
use of a fixed percentage (40%) of distillers’ dried grains 
and solubles and a variable percentage of soybean meal 
to maintain crude protein levels at 32%. Average yield, 
survival, individual weight and feed conversion were not 
significantly different among the dietary treatments. The 
successful elimination or reduction of the fishmeal as an 
ingredient may have been possible because any nutrient 
deficiencies which may result were eliminated through the 
consumption of natural food. Similar results may not be 
achieved at higher culture densities where the relative con¬ 
tribution from the consumption of natural food organisms 
would accordingly decrease. Nonetheless, the total elimi¬ 
nation of nutritionally complete, water stable diets appears 
possible if sufficiently low culture densities combined with 
fertilisers/nutrient supplements of sufficient crude protein 
content are used. 


Koshio et al. (1992) found that soybean protein was a 
suitable substitute for crab protein concentrate in a diet fed 
to juvenile freshwater prawns fed under laboratory condi¬ 
tions. Hari & Kurup (2003) investigated the response to 
different dietary plant to animal protein ratios (1:2, 1:1, 
1:1.5 and 2:1) by altering the relative proportions of trash 
fishmeal and groundnut oil cake. They found no significant 
differences in growth, FCR, protein efficiency ratio and sur¬ 
vival among the diets containing the different ratios. They 
speculated that all animal protein in the diet could be re¬ 
placed by plant protein. However, the experiment was con¬ 
ducted for only 30 days and per cent weight gains of only 
about 90 to 109% were recorded. In contrast, Du & Niu 
(2003) conducted a 42-day study to evaluate the response 
of juvenile (0.32 g) freshwater prawns to the replacement 
of fishmeal derived dietary protein with soya bean derived 
dietary protein at levels of 20, 50, 75 and 100%. The spe¬ 
cific growth rates of prawns fed all diets containing the soya 
bean meal were significantly less than that of the prawns 
fed the fishmeal protein diet. Standard metabolic rates and 
growth efficiency were unaffected by the amount of soya 
protein in the diets. Their findings contrast with the gen¬ 
erally accepted belief that soya protein can be successfully 
substituted for fishmeal protein for fish and carnivorous 
crustaceans at levels corresponding to 75 and 50%, respec¬ 
tively. In a 60-day experiment conducted in tanks using 
juveniles (112.8 mg), Ali and Sahu (2002) evaluated the 
substitution of acid fish silage or fermented fish silage for 
fishmeal in 35% crude protein, isocaloric and isonitroge- 
nous diets. The amount of crude protein contributed by 
fishmeal and fish silages was 15%. No significant differences 
in weight gain, specific growth rate, FCR and protein effi¬ 
ciency ratio among the different diets were found. Hossain 
& Islam (2007) investigated the response of M. rosenbergii 
to the partial replacement of fishmeal (FM) with meat and 
bone meal (MBM) in diets fed to PL35 juvenile prawns 
held for 60 days within a recirculating system. Growth re¬ 
sponses of three approximately isonitrogenous (~32% pro¬ 
tein) and isocaloric experimental nursery diets were com¬ 
pared to that of a reference commercial shrimp diet that 
contained less protein (~29%). The experimental diet con¬ 
taining 14% MBM and 20% FM yielded better results than 
those for dietary treatments containing either 20% MBM 
and 20% FM, or 26% MBM and 15% FM. Only the results 
(growth rate, FCR and survival) obtained with the exper¬ 
imental diet containing the lowest amount of MBM were 
comparable to those of the reference diet. Relatively low 
tolerance to the inclusion of dietary MBM has also been 
observed by Forster et al. (2003) in marine shrimp ( Litope- 
naeus vannamei) diets. Hossain & Islam (2007) stated that 
the major benefit of including MBM at a 14% level was 
similar performance achieved at a cost (US$ 90/t) less than 
that of a commercial reference diet. Whether the costs of 
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production of the experimental diet were considered is not 
known. 

When commercially manufactured diets are used, they 
are usually fed according to rates based upon per cent of 
the mean body weight of the prawns. The feeding rates rec¬ 
ommended by D’Abramo & Sheen (1994) are based upon 
weight. The daily amount of diet provided per surface area 
of a pond for each week of culture is based upon these differ¬ 
ent feeding rates and the density (total biomass) of prawns 
derived from an estimated mortality rate of 2% per week. 
In experimental ponds where commercially manufactured 
feeds have been used, FCRs generally range from 2.5:1 to 
3.5:1. Most probably, the FCRs do not reflect the direct con¬ 
tribution of the diets themselves, because most diets serve to 
enhance natural productivity which, in turn, significantly 
contributes to the satisfaction of nutrient requirements and 
growth. 

Commercial freshwater prawn feeds have been reported 
to contain protein levels that range from 23.8 to 38.5% in 
Hawaii (Corbin et al. 1983), 28 to 36% in Taiwan (Hsieh 
et al. 1989) and 22 to 30% in Thailand (New 1990). How¬ 
ever, where natural food is available, prawns have been 
observed to grow when fed diets containing protein lev¬ 
els as low as 14% (Boonyaratpalin & New 1982; Bartlett & 
Enkerlin 1983) and from 13 to 25% (Gomez Diaz et al. 
1988). A wide range of commercial and farm-made feeds 
with different levels of nutrients and ingredients are used 
worldwide; however, commercial freshwater prawn feed in 
Thailand is subject to legislative control (Boonyaratpalin & 
Chittiwan 2007); the minimum and maximum specifica¬ 
tions for the protein, lipid, ash and moisture contents of the 
feeds are presented in Table 12.3. The ingredient composi¬ 
tion of a commercially manufactured experimental fresh¬ 
water prawn grow-out feed is given in Table 12.4; this feed 
has a much higher protein content than that recommended 
for use in Thailand. 

Compounds with possible chemoattractant and phagos- 
timulant properties have been the subject of investigation 
because of their potential value in increasing the consump¬ 
tion of the food which is fed, and thereby reducing waste. 


Table 12.3 Specifications for freshwater prawn feeds 
under legislative control in Thailand. (Source: S. 
Thongrod, pers. comm. 1999.) 


Type 

Protein 

(%) 

Lipid 

(%) 

Ash 

(%) 

Moisture 

(%) 

Complete feeds 

Larvae (4-15 days) 

>37 

>5 

<3 

<10 

fuveniles 

>30 

>4 

<5 

<12 

Juveniles (5-12 g) 

>25 

>3 

<6 

<12 

Large size prawns 

>25 

>3 

<6 

<12 

Supplementary feed 

>20 

>3 

<6 

<12 


Table 12.4 Composition of a commercially 
manufactured (extruded) slow-sinking pelleted diet for 
pond grow-out of M. rosenbergii. (Source: Producers 
Feed Company, Isola, Mississippi (W. Clay, pers. 
comm. 2000).) 


Ingredient 

Composition 

(%) 

Soybean meal (48% crude protein) 

39.00 

Cottonseed meal (41% crude protein) 

16.40 

Meat/bone/blood meal (65% crude protein) 

2.25 

Menhaden fishmeal (67% crude protein) 

1.10 

Wheat middlings 

24.70 

Whole maize 

10.90 

Catfish oil 

4.40 

Vitamin mix a 

0.10 

Mineral mix a 

0.05 

Dicalcium phosphate 

1.10 

Total 

100.00 

Analysed composition 


Protein (% DW basis) 

38.7 

Lipid (% DW basis) 

6.6 

Ash (% DW basis) 

8.6 

Moisture (%) 

15.2 


a The vitamin and mineral mixes are commercially manufac¬ 
tured and formulated to meet the reported requirements of 
channel catfish (NRC 1983), except for vitamin C. 

DW = dry weight. 

Chemoattractive compounds incite movement towards the 
source of the compound, whereas a phagostimulatory com¬ 
pound stimulates ingestion of food. Mendoza et al. (1997) 
evaluated the behavioural reaction to two biogenic amines 
(putrescine and cadaverine), and two sexual hormones 
(blue crab urine and freshwater prawn green gland extracts) 
relative to reference products known to be major attrac- 
tants, such as squid extracts and a commercial product 
(Langobuds®). The results of a laboratory assay and feed¬ 
ing tray trials in ponds at commercial farms indicated that a 
0.2% supplement of cadaverine was the best attractant when 
included in a basal ‘unpalatable diet’ containing a high level 
of soybean meal (30%). Interestingly, the blue crab urine 
and freshwater prawn green gland extracts attracted only 
males, suggesting that these substances might play a future 
role in effectively separating males for monosex culture, 
if such a management approach is deemed economically 
practical. Harpaz (1997) observed an increase in search be¬ 
haviour and food consumption in juvenile M. rosenbergii 
when betaine, a known feeding attractant, was added to wa¬ 
ter after feeding. Growth (weight gain) of prawns exposed 
to the betaine increased by 17%. Harpaz et al. (1987) also 
identified the amino acids taurine, glycine, arginine and 
trimethylamine, as having strong chemoattractant proper¬ 
ties. Costa-Pierce & Laws (1985) also noted the chemoat¬ 
tractive properties of trimethylamine. This compound has 
a faecal odour and the attraction may be partially attributed 
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to the coprophagous nature of prawns. Felix & Sudharsan 
(2004) fed a formulated feed containing glycine betaine at 
levels of 5, 10 and 15 g/kg diet to juvenile (1.12 g) prawns 
for 60 days. Mean weight increase and FCR of prawns fed 
all of the glycine betaine diets were significantly higher than 
those of the control. Prawns fed the diet containing 5 g/kg 
of glycine betaine had a mean growth increase and an FCR 
that were significantly higher and lower, respectively, than 
those of prawns fed all of the other diets. Mean feed in¬ 
take of prawns fed the diets containing the 5 and 15 g/kg 
glycine betaine was higher than that for the control and 
10 g/kg treatment. Mean survival was not significantly dif¬ 
ferent among all treatments and ranged from 76.6 to 80.0%. 

A number of studies that have investigated the value 
of growth promoting substances in experimental prawn 
feeds have been published. Baruah & Prasad (2005) added 
levamisole (an antihelminth) at 125 and 250 mg/kg to a 
purified casein-based 40% protein diet fed to 0.6 g juve¬ 
nile prawns for 3 months. No significant improvement in 
growth rate was realised; however, the authors noted that 
this substance was found to be a growth promoter (enhanc¬ 
ing immune response and disease resistance) in gilthead 
seabream (Spams anrata ), and suggested that additional 
studies may identify a level that proves to be beneficial for 
growth of M. rosenbergii. Venkat etal. (2004) found that the 
probiotics (Lactobacillus acidophilus or L. sporogenes ) added 
to a formulated diet and Artemia enriched with L. sporo¬ 
genes significantly increased per cent weight gain (25-30%), 
specific growth rate and protein efficiency ratio of PL (114- 
118 mg) when compared to respective control diets (basal 
diet or Artemia without probiotic supplements) for a 60-day 
experiment. FCRs of prawns fed the diets containing probi¬ 
otics were significantly lower than those of the controls. A 
similar response was observed in a 126-day study by Shyama 
et al. (2007a). The results of their investigation indicated 
that a commercial probiotic (named ‘BT’ and containing 
Lactobacillus sporogenes, Bacillus subtilis and sporulating 
Lactobacilli - Bacillus licheniformis and Saccharomyces cere- 
visiae), included at 2 mg/kg in a basal diet and fed to juvenile 
prawns (average 4.5 cm), enhanced growth rate by 30%. In 
another investigative trial (Shyama etal. (2007b), the inclu¬ 
sion of 2.0 mg/kg of ‘BT’, 1.0 mg/kg of ‘FP’ (a preparation 
of Lactobacillus spp., Bifido-bacterium spp. and Torulop- 
sisspp.) and 2.0 mg/kg of ‘NZ’ (a ‘multi-enzyme complex 
embedded in a natural feed concentrate derived from high- 
grade seaweed extract’) were compared using PL (average 
length 1.3 cm). A 70.5% gain in growth rate over the control 
was realised when FP was included and 57.5% when NZ was 
incorporated. FCR was also favourably improved. The re¬ 
sults ofthese studies (Shyama etal. 2007a,b) have prompted 
the authors to state that more intensive research on this topic 
is necessary. Rangacharyulu et al. (2007) reported growth 
to be 67% higher than that of the control when Aqua- 


Pro (IHF-500) was included at 1% (substituted for 1% rice 
bran) in a diet fed for 60 days to juvenile prawns (1.4 g). In all 
of the three previously mentioned studies (Rangacharyulu 
et al. 2007; Shyama et al. 2007a,b) the basal diet contained 
35% protein. Their reported results studies suggest a poten¬ 
tial for the use of probiotics in freshwater prawn feeds, but 
further studies and better characterisation of the effect of 
probiotic used is also necessary before adequate conclusions 
can be drawn. The cost of inclusion relative to any beneficial 
effect would also have to be evaluated. Significant interest 
in the use of growth promoters in freshwater prawn farm¬ 
ing exists and many commercially inspired claims have been 
alleged. Boonyaratpalin & Chittiwan (2007) report that im¬ 
proved growth and survival have been obtained when 17a- 
methyltestosterone, androstanolone or oxytetracycline was 
used as a dietary growth promoter. Even if these observa¬ 
tions are based upon rigorous and controlled studies, the 
use of antibiotics and hormones in aquafeeds are controlled 
or prohibited in many countries. 

12.3.2 Ingredient studies and the use of 
farm-made feeds 

12.3.2.1 Ingredient studies 

With the knowledge that freshwater prawns are omnivo¬ 
rous, it is understandable that, in addition to the more 
‘conventional’ feedstuff ingredients, many less common raw 
materials have been reported to be satisfactory for grow- 
out feeding, either as supplementary feeds or as ingredients 
in formulated feeds. These include com silage (Moore & 
Stanley 1982), fresh leaves (Harpaz & Schmalbach 1986), 
moist pressed brewers’ grains (Kohler & Kreuger 1985), 
silkworm pupae with shrimp waste (Ravishankar & Kesha- 
vanath 1988), earthworms (Mossman etal. 1990 apud New 
1995), beef liver (Heinen & Mensi 1991), beef liver and 
orange flesh, peeled sweet potatoes, frozen peeled bananas, 
butternut squash, yellow squash, and turnip greens and car¬ 
rot tops (these two were found to enhance prawn pigmenta¬ 
tion) as supplements to a commercial trout chow (Garces & 
Heinen 1993), dry sugar cane yeast, Saccharum officinarum, 
a product of alcohol production from sugar cane (Zimmer- 
mann & Cohen 1991), marine shrimp meal, fishmeal and 
meat meal (Zimmermann et al. 1989), a legume and three 
types of grasses as inexpensive fibre sources (Zimmermann 
1992a,b), distillers’ dried grains with solubles (Tidwell 
etal. 1993), squid waste (Prasad etal. 1994), silkworm litter 
(Sivasankar & Ashoka 1997) and leucaena (Oliveira et al. 
1998). Changes in dietary feedstuffs do not appear to exert 
any significant change in carcass composition. Gupta et al. 
(2007) fed juvenile prawns three isocaloric and isonitroge- 
nous diets containing different proportions of the same 
seven feedstuffs, principally protein sources, and a control 
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(commercial) diet for 135 days. They then determined the 
diet dependent proximate composition (moisture, protein, 
lipid or ash) of the carcasses. The results revealed only one 
statistically significant difference (less protein) between di¬ 
ets among the possible 12 total comparisons. 

The omnivory of freshwater prawns provides an oppor¬ 
tunity of using locally available feedstuffs. Due to the com¬ 
paratively low amounts available and the unreliability in 
the supply of these feedstuffs, large companies are not in¬ 
terested in using them as ingredients in commercially man¬ 
ufactured feeds. However, use of locally available feedstuffs 
substantially improves the prospects for the sustainability 
of freshwater prawn farming (Chapter 24). 

12.3.2.2 Farm-made feeds 

Farm-made feeds have been defined as ‘feeds in pellet or 
other forms, consisting of one or more artificial and/or nat¬ 
ural feedstuffs, produced for the exclusive use of a particu¬ 
lar farming activity, not for commercial sale or profit’ (New 
et al. 1993). A decade ago, New & Valenti (2000) reported 
that farm-made grow-out feeds were in use in most of 
the major producing countries (Fig. 12.1). New & Csavas 
(1993b) reported that farm-made feeds were used in farm¬ 
ing practices in India, Thailand and Vietnam, and in exper¬ 
imental work in Malaysia and Nepal. Lacroix et al. (1993) 
noted that 90% of Brazilian freshwater prawn farms were 
approximately 3 ha and preferred to make their own feed. 
New & Csavas (1993a) estimated that about 41 0001 of 
freshwater prawn feeds were manufactured in Asia in 1990, 
an amount that was expected to exceed 112 0001 by 2000. 
Since the publication of that paper, statistics about the scale 
of freshwater prawn farming in China have become avail¬ 
able (Chapter 1). Farm-made aquafeeds are commonly used 
in China, and the quantity of feeds produced for prawns 
must have substantially exceeded the level of production 
forecasted for 2000 by New & Csavas (1993a). 

The methods of producing farm-made feeds for prawns 
have been described in many publications, including New 
& Singholka (1985), New (1987), by various authors in 
New et al. (1993) and New (2002). As discussed in section 
12.3.2.1, a wide range of ingredients is available and suit¬ 
able for inclusion. However, as pointed out by New & Csavas 
(1993b), the quality of many farm-made feeds can be sig¬ 
nificantly improved by better formulation that is based on 
improved knowledge about the chemical composition of 
locally available ingredients. In addition, better methods 
of feed processing and storage, and a better understanding 
of the role of natural food organisms are needed. The inher¬ 
ent risk in using unprocessed aquatic animal ingredients, 
particularly crustacean wastes, needs to be addressed. The 
extreme variability in the analytical and quality character¬ 
istics of locally available ingredients precludes recommen- 



Fig. 12.1 Farm-made feed for M. rosenbergii being sun- 
dried in Thailand. 


dation of any single formula as most suitable for prawns. 
However, the variety of ingredients used in dietary for¬ 
mulations is best illustrated by the ingredient composition 
of farm-made feeds used on two farms in Thailand (Tables 
12.5 and 12.6) and some experimental diets fed to prawns in 
Brazil, Indonesia, Israel and Thailand (Tables 12.7-12.10). 
Table 12.11 presents the formula of a low-cost supplemen¬ 
tary prawn feed used in Bangladesh. 

The composition of farm-made freshwater prawn feeds 
may not be ideal, owing to local ingredient availability, con¬ 
sistency of composition and lack of formulation expertise. 
In two linked 90- and 30-day experiments with PL, Kulkarni 
et al. (2007) contend that spraying a very simple feed (96% 
groundnut oil cake, 2% rice bran and 2% wheat flour) with 
solutions of individual amino acids simulating their rel¬ 
ative proportion in prawn muscle significantly improved 
growth rate, survival and FCR. Supplementation with tyro¬ 
sine gave better results than histidine, lysine, valine or me¬ 
thionine/cystine. The authors erroneously concluded that 
their work had demonstrated the feasibility of determining 
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Table 12.5 Formulae of farm-made freshwater prawn 
feeds used on Thai farm ‘A’. (Reproduced from 
Boonyaratpalin & New 1993, copyright 1993 with 
permission of FAO.) 


Ingredient 

Composition 
formula #1 

Composition 
formula #2 

(kg) 

(%) 

(kg) 

(%) 

Trash fish 

100.0 

29.61 

100.0 

28.35 

Soybean meal 

40.0 

11.84 

40.0 

11.34 

Fishmeal 

20.0 

5.92 

10.0 

2.84 

Corn meal 

80.0 

23.70 

80.0 

22.68 

Di-calcium phosphate 

2.0 

0.59 

2.0 

0.57 

Oxytetracycline 

0.2 

0.06 

- 

- 

Vitamin and mineral mix 3 

0.5 

0.15 

0.5 

0.14 

Vitamin C 

- 

- 

0.2 

0.06 

Broken rice (boiled) b 

30.0 

8.88 

30.0 

8.51 

Chicken layers’ feed 

50.0 

14.81 

60.0 

17.01 

Piglet feed 

15.0 

4.44 

15.0 

4.25 

Shrimp shell meal 

- 

- 

15.0 

4.25 

Totals (approximate) 

337.7 

100.00 

352.7 

100.00 


3 No details available. 
b Weight before boiling. 


the amino acid requirements of M. rosenbergii with a basal 
practical, rather than a synthetic, diet. 

Peer-reviewed work on farm-made feeds for M. rosen¬ 
bergii remains sparse, presumably because it is difficult and 
expensive to quantify the composition of local (and some¬ 
times ephemeral) ingredients. However, Kunda etal. (2008) 

Table 12.6 Formula of farm-made freshwater prawn 
feed 3 used on Thai farm ‘B’. (Reproduced from 
Boonyaratpalin & New 1993, copyright 1993 with 
permission of FAO.) 


Composition 


Ingredient 

Cost (US$/t) 

(kg) 

(%) 

Trash fish 

220 

100 

44.2 

Chicken feed 

240 

60 

26.6 

Broken rice 

168 

30 

13.3 

Fishmeal 

720 

20 

8.8 

Piglet concentrate 11 

427 

15 

6.6 

Premix c 

4400 

1 

0.5 

Total d 

480 

226 

100.0 


3 Lipid not less than 4%; protein not less than 25%; fibre not 
more than 8%. 
b Composition unknown. 

c Contains vitamins A, D, C, and E, and an unspecified an¬ 
tibiotic (oxytetracycline?). Available locally and specifically de¬ 
signed for Macrobrachium. Manufacturer suggests an inclusion 
rate of 0.5 to 1.0%. 

d It was said that no water was added; trash fish provides suf¬ 
ficient moisture. 


Table 12.7 Formulae of experimental feeds for 
freshwater prawns in Brazil. (Reproduced from 
Zimmermann 1988, copyright 1998 with permission of 
Sao Paulo State University.) 


Composition (%) 


Ingredient 

Feed #1 

Feed #2 

Shrimp meal 

31.6 

- 

Fishmeal 

- 

23.0 

Soybean meal (44% crude protein) 

34.4 

32.6 

Maize meal 

14.2 

17.5 

Alfalfa meal 

10.3 

13.2 

Fish oil 

4.7 

3.7 

Di-calcium phosphate 

3.1 

4.9 

Monosodium phosphate 

0.7 

4.1 

Premix 3 

0.4 

0.4 

Iodised salt 

0.5 

0.5 

Binder 3 

0.1 

0.1 

Totals 

100.0 

100.0 


3 No details available. 


noted that the scarcity of feed and its high cost made the 
development of low cost feeds for freshwater prawns made 
from locally available ingredients desirable in Bangladesh. 
The abstract of the paper presented by these authors pro¬ 
vides no ingredient details of the locally made feeds that 
they tested in the polyculture of prawns with two Indian 
carps, so no informed discussion of their work is possi¬ 
ble here. However, it is interesting to note, in passing, that 
these authors claimed that their locally-made feeds im¬ 
proved cost-benefits and could be made with a low-cost 
hand pellet machine. 

According to the results of a questionnaire used in gain¬ 
ing information for the preparation of Chapter 17, farm- 
made grow-out feeds continue to be used in small-scale 
culture in many countries, including Bangladesh, Brazil 

Table 12.8 Formulae of experimental feeds for 
freshwater prawns in Indonesia. (Reproduced with 
permission from Manik 1976.) 


Composition (%) 


Ingredient 

Feed #1 

Feed #2 

Fishmeal 

20.0 

- 

Shrimp head meal 

- 

30.0 

Soybean meal 

9.0 

4.0 

Rice bran 

45.0 

35.0 

Coconut oil cake 

20.0 

20.0 

Tapioca 

5.0 

9.0 

Pfizer premix A 3 

1.0 

1.0 

Agar 

- 

1.0 

Totals 

100.0 

100.0 


3 Details not available. 
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Table 12.9 Formulae of experimental feeds for 
freshwater prawns in Israel. (Reproduced from 
Zimmermann 1992a, 1992b, with permission of 
UFRPE.) 


Composition (%) 


Ingredient 

Feed #1 

Feed #2 

Soybean meal (44% crude protein) 

22.4 

20.7 

Fishmeal 

20.0 

20.0 

Maize meal 

18.6 

6.5 

Dried yeast 

10.0 

10.0 

Wheat meal 

10.0 

10.0 

Wheat bran 

- 

8.8 

Grass meal (Bracharia purpurescens) 

12.7 

15.0 

Di-calcium phosphate 

3.8 

3.4 

Lime (calcite) 

0.1 

0.4 

Fish oil 

1.4 

4.3 

Premix a 

0.5 

0.4 

Iodised salt 

0.5 

0.5 

Totals 

100.0 

100.0 


a No details available. 


(rarely), China, India (~30%; in addition, many have 
their own formulations manufactured by local feed mills), 
Myanmar, Nepal, the Philippines, Puerto Rico (rarely), 
Thailand (rarely), Vanuatu (for Macrobrachium lar) and 
Vietnam. However, the tendency to use commercial grow- 
out feeds continues to increase, although these may not 
be specifically formulated for freshwater prawns; marine 
shrimp feeds and aquafeeds designed for freshwater finfish 
are often utilised. Boonyaratpalin & Chittiwan (2007) noted 
that 50% of the feeds used in freshwater prawn grow-out 
in Thailand were commercial by 2003. Schwantes (2007) 
reported that 76% of feed types used in surveyed freshwa¬ 
ter prawn farms in Thailand in 2005 were commercially 
manufactured formulations. A combination of commercial 


Table 12.10 Formulae of experimental feeds for 
freshwater prawns in Thailand. (Reproduced from 
Boonyaratpalin & New 1993, copyright 1993 with 
permission of FAO. 


Composition (%) 


Ingredient 

Feed #1 

Feed #2 

Fish oil 

3.0 

3.0 

Shrimp meal 

25.0 

10.0 

Fishmeal 

10.0 

4.0 

Peanut meal 

5.0 

2.0 

Soybean meal 

5.0 

2.0 

Broken rice 

25.5 

39.0 

Rice bran 

25.5 

39.0 

Guar gum 

1.0 

1.0 

Totals 

100.0 

100.0 


Table 12.11 Formulae of low-cost supplementary 
freshwater prawn feed in Bangladesh. (Reproduced 
from Gray 1990, copyright 1990 with permission of 
Stirling University.) 


Ingredient 

Composition (%) 

Fishmeal 3 

22.5 

Fresh trash fish 

10.0 

Rice bran 

20.0 

Ground rice 

17.5 

Sesame cake 

12.5 

Fish oil 

2.5 

Sago 

7.0 

Cane molasses 

6.5 

Animal grade vitamin C b 

0.5 

Water 

1.0 

Total 

100.0 


a At least 50% protein. 
b Optional. 


and fresh supply feeds was used on 17% of the farms and 
the remaining feed types were either home-made feed (3%), 
fresh supply feed (2%) or a combination of commercial and 
homemade feed (2%). As described in Chapter 6, the use 
of farm-made feeds, usually based on fortified chicken egg 
custards, as supplements to live feeds in freshwater prawn 
hatcheries has, until recently, been ubiquitous. Currently 
(2008), very few Thai prawn farms make their own feed, 
due to difficulties in obtaining quality ingredients and the 
ready availability of commercial feeds (M. Boonyaratpalin, 
pers. comm. 2008). 


12.4 Feeding strategies 

Information on feeding strategies is contained in several 
other chapters of this book, including Chapters 4 (brood- 
stock), 5 (hatchery), 7 (nursery) and 9, 10 and 11 (grow- 
out). The study of Stahl (1979) is the foundation of develop¬ 
ing feeding strategies because it provides an understanding 
of the relative roles of autotrophic and heterotrophic pro¬ 
ductivity and feed supplement on the growth and survival 
of prawns. Two short-term studies (50 and 53 days) were 
conducted in fibreglass pools equipped with or without 
a manure-based soil substrate and, as appropriate, phyto¬ 
plankton productivity was limited by application of a dye. 
The results demonstrated the importance of a soil sub¬ 
strate wherein a detrital based food chain served as the 
major source of nutrition. The 28% crude protein supple¬ 
mental feed was considered to be a fertiliser that enriched 
the detrital food chain and maintained a ‘critical standing 
crop’ of natural food organisms that were consumed. Phy¬ 
toplankton production was an inconsequential contributor 
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to growth but rather was deemed essential as a management 
tool to shade and prevent the growth of nuisance filamen¬ 
tous algae, stabilise water temperature, take up metabolites 
and generate oxygen through photosynthesis. 

Clearly more investigations are needed to develop a bet¬ 
ter understanding of the relative value of fertilisation and 
supplemental diets and how their use should best be co¬ 
ordinated with the biomass density of freshwater prawns 
in culture ponds. D’Abramo & Sheen (1994) stated that 
no feeding of pelleted feed is required until the biomass 
density of pond populations has reached approximately 
18 g/m 2 ( 180kg/ha). At this point the natural productiv¬ 
ity (without fertilisation) can no longer sustain maximum 
growth rates and a feed is required either to enhance natural 
productivity and/or to serve as a direct source of nutrients. 
The best feed and feeding strategies are definitely influ¬ 
enced by the resident biomass (standing crop) in the pond. 
For example, a possible feeding strategy for higher stand¬ 
ing crops during the course of a growing season might be 
based on estimated biomass density and consist of the use 
of low protein diets initially, followed by low protein di¬ 
ets combined with a fertilisation routine, and finally the 
feeding of a higher protein, more nutritionally complete 
diet without fertilisation. Correia et al. (2003) stocked ju¬ 
venile prawns (4.35 g) at 59 976/ha and demonstrated that 
a strategy of additional fertilisation succeeded in reducing 
the amount of formulated feed needed by 50% without pro¬ 
duction losses. Their work indirectly supports the results of 
investigations of D’Abramo (2006) that suggests a combi¬ 
nation of pelleted delivery of supplemental nutrients and 
live benthic food can eliminate the use of nutritionally com¬ 
plete, formulated feeds at stocking densities of 29 640/ha or 
less. Stocking densities higher than this level will presum¬ 
ably require a nutritionally balanced water stable feed, at 
least during some duration of the final part of the grow- 
out period to sustain maximum growth rates. Coyle et al. 
(2003) evaluated a phase fed treatment versus the use of a 
40% crude protein commercial penaeid feed. Prawns were 
fed unpelleted distillers’ grains with solubles (DDGS) for 
the first 4 weeks, then a 28% crude protein prawn diet for 
weeks 5 to 12, and finally a 40% crude protein penaeid ‘fin¬ 
ishing’ diet for weeks 13 to 16. There were no significant 
differences between these two management practices rela¬ 
tive to production, mean harvest weight, survival and FCR. 
At the recommended low stocking densities, the prescribed 
organic fertilisation practices can produce prey biomass 
sufficient to sustain the growth of crustacean populations 
throughout the growing season. At the highest stocking 
density (35 000/ha), natural food may become limiting to¬ 
wards the end of the growing season. As the standing crop 
within a pond increases, feeding strategies that will ensure 
the satisfaction of nutrient requirements by a combination 
of formulated feed that can be directly consumed by the 


prawns, in addition to the enrichment of the detrital food 
chain by increasing natural food organisms through fertili¬ 
sation, need to be applied to achieve maximum production. 

12.5 Conclusions 

The types of feed and feeding strategy that are employed in 
freshwater prawn pond culture are dictated by the stocking 
practice and the production goals. However, the expan¬ 
sion of aquaculture and the realisation of the importance of 
sustainability have led to an analysis of what constitutes sus¬ 
tainable aquaculture practices (Chapter 24). These practices 
appear to be rooted in a consciousness of the environmental 
and human dimensions. Accordingly, the most efficient and 
sustainable pond production practices probably lie in semi- 
intensive grow-out systems (Chapter 9) where resources are 
most efficiently managed, the risk is not high and the level 
of interference is minimised. Pond production of M. rosen- 
bergii is commonly characterised by semi-intensive systems. 
In the future, effective pond culture of freshwater prawns 
using these systems will probably follow a strategy that in¬ 
corporates organic fertilisation of ponds during all stages 
of growth. This procedure will be designed to establish the 
best nutritional environment possible without sacrificing 
water quality. In later stages of growth, water-stable, for¬ 
mulated diets designed to increase feeding efficiency may 
need to be introduced. However, the required amounts of 
dietary protein and lipid do not need to be included because 
any deficiencies in essential amino acids and fatty acids are 
likely to be compensated for by natural food organisms, as 
suggested by the results of the investigation of Tidwell et al. 
(1998). 

In formulated grow-out diets, most of the dietary energy 
requirement can be derived from highly digestible sources 
of carbohydrate, thereby minimising the use of protein as an 
energy source. Complex starches such as cellulose and chitin 
may have nutritional value, suggesting that plant-derived 
and animal-derived feedstuffs may be equally effective. Use 
of regional feedstuffs that are available on a reliable ba¬ 
sis is recommended, given they represent good nutritional 
quality, i.e. highly digestible with good nutrient profiles. 

The successful development of a formulated larval diet 
that serves as a complete substitute for live foods is a signif¬ 
icant accomplishment (Kovalenko et al. 2002), will result 
in significant savings in production costs, and introduce 
a greater degree of certainty in producing healthy PL. A 
formulated diet allows a hatchery operator to exercise con¬ 
trol over food size and nutrient composition of the food. 
Increasing the knowledge about the nutrient requirements 
and nutrition of freshwater prawn larvae is probably the 
greatest challenge for future research and will be accom¬ 
plished through the use of chemically defined formulated 
diets. 
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Grow-out Systems - Water Quality and 
Soil Management 

Claude Boyd and Sergio Zimmermann 


Successful culture of freshwater prawns in ponds depends 
upon maintaining good water and soil quality. There are 
several books dedicated to general water and soil quality 
in ponds (Brune & Tomasso 1991; Boyd & Tucker 1992, 
1998; Delince 1992; Boyd 1995), but these give little in¬ 
formation specific to freshwater prawn ponds. Water-soil 
relationships in ponds and their interactions with aquatic 
animal production are very complex. Water has many phys¬ 
ical, chemical and biological characteristics, but only a few 
are normally important and even fewer can be effectively 
controlled in grow-out ponds for freshwater prawns. 

There has been considerable attention to the quality of 
the water used in Macrobrachium rosenbergii hatcheries 
(Chapter 5, section 5.3) and some topics concerning water 
quality in primary and secondary freshwater prawn nurs¬ 
eries are reviewed in Chapter 7, section 7.6. However, re¬ 
search specific to soil and water quality in freshwater prawn 
ponds has been minimal to date. This chapter therefore 
presents those aspects of the general ‘state-of-the-art’ con¬ 
cerning pond water and soil quality, and its management, 
which experience shows to be relevant to prawn farming, in 
addition to reviewing the specific literature that does exist 
on this aspect of prawn grow-out. 


13.1 Water quality: impact and control 

Physical, chemical and biological aspects of water influence 
the ability of prawns to perform physiological functions, 
including growth, disease resistance, reproduction and tol¬ 
erance to extreme temperatures. Aquaculture species are in 
more intimate contact with their own waste than are ter¬ 
restrial species, because the water in which they live also 
is, necessarily, self-contaminated (Tomasso & Brune 1991). 
Schreck 8t Li (1991) pointed out that semi-intensive aqua¬ 
culture ponds, such as those used for freshwater prawns, 
are extremely complex ecosystems. The consequences of 
pond management to improve soil and water quality are 


site specific, and procedures that are successful at one site 
may fail at another (Boyd 1990). Pond management must 
be customised for each individual pond. 

There are three basic types of water quality problems in 
ponds (Boyd 1990). The first involves undesirable charac¬ 
teristics in the water supply. Problems with the water supply 
usually can be minimised by wise site selection or mitigated 
by special design, construction or management techniques. 
For example, pollutants may enter ponds from the sur¬ 
roundings as the result of multiple uses of watersheds, but 
this problem can be mitigated where it is possible to di¬ 
vert polluted runoff away from the ponds. However, when 
a river that is the source of water for aquaculture ponds is 
polluted by a variety of municipal, industrial and agricul¬ 
tural effluents, there may be no effective way of dealing with 
the problem. The second type of problem concerns events 
that develop in ponds as a result of the culture system. High 
natural productivity is usually a result of feeding to en¬ 
hance prawn production, and it causes a high abundance 
of phytoplankton, a low concentration of dissolved oxygen 
(DO?), thermal and chemical stratification, high pH and 
excessive concentrations of metabolites such as ammonia, 
carbon dioxide and nitrite. Farm managers therefore need 
to realise that, regardless of management inputs, produc¬ 
tion has economically imposed limits. The third aspect of 
water quality in aquaculture that may become a problem re¬ 
lates to the influence of production practices on the outside 
environment. The most important consideration probably 
is the possible eutrophication of natural waters caused by 
pond effluent discharge. 

There are several procedures that can be used to maintain 
or improve water quality (Boyd 1990). The most effective 
are: proper site selection, sound design and construction 
practices (see Chapter 8); liming and fertilization; regu¬ 
lation of feeding rates (Chapters 9 and 12); mechanical 
aeration; water exchange; bottom soil treatment; and the 
protection of watersheds. Feeding and water quality are par¬ 
ticularly closely related, for good feed conversion efficiency 
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depends upon maintaining adequate water quality in 
ponds. Also, as feeding rates increase, water quality in ponds 
tends to deteriorate. 


13.1.1 Dissolved oxygen 

Respiration by prawns requires oxygen, which is acquired 
from the water by diffusion across the gills. Respiratory 
and circulatory systems of prawns have evolved to func¬ 
tion effectively over a range of DO; concentrations, from 
above air saturation down to a concentration at which 
oxygen-demanding activities become constrained. Prawn 
metabolism adapts to limiting oxygen concentrations by 
reducing non-obligatory activities such as swimming, di¬ 
gesting food, growing and processing feed. 

The amount of oxygen required by aquatic animals is 
variable, and depends primarily upon size, food intake, 
activity, water temperature and DO; concentration. Several 
factors may contribute to increased oxygen demand for a 
limited period, such as higher temperatures, stress, high 
ammonia concentrations in the culture water, swimming 
or an increase in the digestion or metabolism of feeds (Neill 
& Bryan 1991). 

When DO; concentrations gradually decline, but other 
water quality parameters remain stable, prawns can main¬ 
tain a relatively constant oxygen absorption rate by increas¬ 
ing ventilation rate and perfusion. When the concentration 
of DO; falls below 1 mg/L for M. rosenbergii those regula¬ 
tory measures become exhausted, with serious physiolog¬ 
ical effects leading to suffocation. Most aquatic organisms 
present a very limited capacity of anaerobic metabolism, 
and they are conditioned for maximum activity or active 
metabolism at oxygen concentrations of 3 to 7 mg/L (Smith 
1982). Rogers & Fast (1988) reported that prawns became 
stressed at D0 2 levels below 2 mg/L. 

As a basic rule, low DO; concentrations in prawn ponds 
may be expected to occur if daily feeding rates exceed 25 to 
35 kg/ha in prawn ponds without mechanical aeration or 
water exchange. At these feeding rates, prawn production 
is unlikely to exceed 1000 to 2000 kg/ha/yr. When water ex¬ 
change and aeration are used, feeding rates maybe increased 
and production can be increased to 2000 to 5000 kg/ha/yr. 
Although aeration may provide higher DO; concentrations, 
increased feeding rates in aerated ponds usually cause con¬ 
centrations of total ammonia nitrogen (NH 3 -N) to rise. 
Higher feeding rates also tend to increase the quantity of or¬ 
ganic matter in pond soils as a result of higher feeding rates. 
This can cause lower D0 2 concentrations at the bottom of 
the pond, as well as the appearance of reduced microbial 
metabolites such as nitrite, ferrous iron, hydrogen sulphide 
and methane. These reduced substances diffuse into water 
and are toxic to prawns. 


13.1.2 Temperature 

Freshwater prawns are poikilothermic or ‘cold blooded’. 
Generally, the metabolic demand for oxygen in aquatic ani¬ 
mals doubles or triples with every 10°C increase within the 
range of temperatures that the animal can tolerate. How¬ 
ever, the physiological capacity to supply this oxygen rises 
sigmoidally to a maximum at a species-specific optimum 
temperature, and then decreases with further temperature 
increase (Neill & Bryan 1991). 

The optimum metabolic temperature range for M. rosen¬ 
bergii is between 26 and 32°C. Deficiencies in DO; concen¬ 
trations may limit metabolism, even within the optimum 
temperature range. Other environmental stressors can in¬ 
crease the obligatory demand for oxygen, reduce the physi¬ 
ological capacity to supply it, decrease the metabolic scope 
at all temperatures and shift the optimum temperature for 
maximising the surplus metabolic capacity which, in com¬ 
bination with adequate nutrition, leads to growth. Rogers 
& Fast (1988) reported that prawns were stressed by tem¬ 
peratures below 22°C. According to Zimmermann (1998), 
freshwater prawns cease to grow and may not survive for 
long periods when water temperatures are below 19°C or 
above 34° C. The tolerance time to extreme temperature 
depends basically on prawn age and size. Postlarvae (PL) 
are more tolerant of lower temperatures when compared to 
juveniles or adults. At temperatures below 12°C or above 
42°C, prawns rapidly die. Neill & Bryan (1991) postulated 
that the logarithm of survival time upon abrupt transfer to 
lethally warm or cold water is linearly related to tempera¬ 
ture. For example, if an aquatic organism resists heat death 
at 32°C for 1000 minutes and at 34°C for 100 minutes, 
it will die at 36°C in only 10 minutes. Farmanfarmaian & 
Moore (1978) found that freshwater prawn growth doubled 
for every 5°C increase within the range 20 to 30° C, with no 
appreciable change in feed conversion ratio (FCR). 

Freshwater prawns present characteristic physiological 
responses to physico-chemical factors. This pattern of be¬ 
haviour allows prawns, at least at lower culture densities, to 
move to better sites in the pond where environmental condi¬ 
tions are tolerable. Under the semi-intensive culture system, 
this search for a better environment (enviro-regulation) is 
limited, so freshwater prawns must use physiological mech¬ 
anisms of adaptation or acclimation. According to Neill & 
Bryan (1991), in dealing with temporal variation, aquatic 
organisms must rely on physiological mechanisms of adap¬ 
tation which are termed ‘acclimation’ (responses to change 
in individual environmental factors) or ‘acclimatisation’ 
(responses to change in the entire environmental complex). 
It takes M. rosenbergii from several hours to several weeks 
to physiologically adjust to changes in temperature, DO;, 
salinity and ammonia. Temperature acclimation occurs at 
a rate that increases with ambient temperature; so upward 
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Table 13.1 Concentrations of major water quality variables found in 25 freshwater 
prawn ponds in two regions of Brazil. (Reproduced with permission from Nucleo de 
Pesquisas em Aquacultura e Hidrologia da Universidade Luterana do Brasil 
(ULBRA), Canoas, Rio Grande do Sul - unpublished data 1998.) 


Parameters 

Unit 

Southern region 

Northeastern region 

pH 


5.5—7.6 

6.9-8.3 

Ammonia nitrogen (NH 3 -N) 

mg/L 

0.1—0.5 

0.1-0.3 

Nitrite nitrogen (N0 2 -N) 

mg/L 

0 . 1 - 1 .7 

0.1-0.7 

Alkalinity (CaCCb) 

mg/L 

7-101 

10-102 

Hardness (CaCCh) 

mg/L 

10-45 

12-75 

Calcium (Ca) 

mg/L 

0.02-18.6 

0 . 01 - 1.2 

Magnesium (Mg) 

mg/L 

0 . 01 - 6.8 

0.01-1.5 

Total phosphorus (P) 

mg/L 

0.01-4.4 

0.003-0.34 

Potassium (K) 

mg/L 

0.01-4.9 

0.06-1.6 

Sodium (Na) 

mg/L 

0.26-10.0 

7.7-30.0 

Sulphate (SO 4 ) 

mg/L 

0.25-12.1 

0.1-26.0 

Boron (B) 

mg/L 

0.04-0.74 

0 . 1 - 0.2 

Copper (Cu) 

mg/L 

0 . 02 - 0.1 

0.02-0.13 

Iron (Fe) 

mg/L 

0 . 02 - 6.0 

0 . 02 - 0.21 

Manganese (Mn) 

mg/L 

0 . 01 - 0.10 

0.01-0.31 

Zinc (Zn) 

mg/L 

0.01-0.08 

0 . 01 - 0.20 


acclimation is faster than downward acclimation over the 
same range of temperature. For example, if acclimation 
from 20 to 30°C is 90% complete in 2 days, the reverse 
process could take 2 weeks; and acclimation to low oxygen 
may require from 1 week to 1 month. 

13.1.3 Other water quality parameters 

Apart from temperature and D0 2 , several other water qual¬ 
ity parameters are directly involved with M. rosenbergii 
metabolism, including pH and ammonia, nitrite, nitrate, 
calcium, magnesium, potassium, phosphorus, iron, sul¬ 
phate and sodium concentrations. Table 13.1 lists the actual 
range of water quality parameters found in 135 water sam¬ 
ples from 25 freshwater prawn ponds on 5 farms in South¬ 
ern and Northeastern Brazil being used for semi-intensive 
culture. Though this data confirms that prawn culture is 
feasible in waters having these characteristics, little or no 
research information is available on optimum water quality 
for these parameters. 

While information on other water quality characteristics 
is sparse, there has been some work on calcium. Freshwater 
prawns, like most crustaceans, require high calcium concen¬ 
trations for the enzymatic processes involved in moulting, 
and there is also a relationship between magnesium and 
neural-muscular energy transmission. New (2002) recom¬ 
mended an ideal total hardness range of 50 to 150mg/L 
CaC 03 to be suitable for nursery and grow-out facilities 
for M. rosenbergii , while Vasquez et al. (1989) found 20 to 
200 mg/L to be optimal. Very high water hardness often re¬ 
sults in encrustation with Bryozoa sp. and Epistylissp., which 


retard growth rate. However, Bartlett & Enkerlin (1983) 
postulated that high calcium levels may not be detrimen¬ 
tal unless combined with high carbonate levels. Successful 
prawn rearing was reported by these authors in areas hav¬ 
ing water supplies with 940 to 1060 mg/L of calcium (as 
CaCOj), where the carbonate content was nil but sulphate 
and chloride levels were also high. Adhikari et al. (2007), 
investigating the effect of calcium hardness levels from 92 
to 384 mg/L CaCOj for 42 days on the performance of M. 
rosenbergii juveniles (0.045 ± 0.007 g; 25 days old), found 
that the maximum survival rate ( 100 %) was observed at a 
level of 92 mg/L CaC 03 . The lowest survival (60%) was at 
the highest calcium hardness level (384 mg/L). Maximum 
growth of the prawn (11.6 ± 2.7 mg/day) was observed at 
132 mg/L CaCCH; however, growth at calcium hardness lev¬ 
els between 92 and 192 mg/L was not significantly different. 
Prawn growth declined significantly at calcium hardness 
levels of 228 mg/L CaCOs and above. Survival and growth 
studies of M. rosenbergii juveniles (0.12 ± 0.03 g, 60 days 
old) were also carried out by Adhikari et al. (2007) under 
different bicarbonate levels, ranging from 100 to 370 mg/L 
CaC0 3 for 60 days. These authors found that survival rate 
was highly impaired at the highest bicarbonate levels tested 
while the maximum survival rate (90%) was recorded at a 
bicarbonate level of 100 mg/L CaC0 3 . The highest growth 
(4.92 ± 0.13 mg/day) was recorded at lowest bicarbonate 
level (100 mg/L CaCCb); growth significantly declined at 
205 mg/L CaC0 3 bicarbonate alkalinity and above. 

Zimmermann et al. (1994) have demonstrated the inter¬ 
actions between calcium concentrations in pond water and 
in prawn feed (Chapter 12). Although it would be cheaper 
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to correct calcium deficiencies by increasing the calcium 
content of feed, manufacturing site-specific prawn feeds is 
not practical. Ponds supplied by low calcium water need to 
be treated with calcium compounds to increase dissolved 
calcium concentrations. 

Most freshwater prawn farms utilise surface freshwater 
sources but several research and pilot-scale attempts have 
been made to culture M. rosenbergii in geothermal waters, 
which often have an unsuitable ionic composition, and were 
recorded by New (1990). One of these early ventures, in 
New Zealand, has been able to utilise the waste heat from a 
geothermal power station (Chapter 17) by employing heat 
exchangers to elevate the temperature of the river water 
used in its ponds, thus avoiding any problems caused by 
the ionic composition of the geothermal water. 

According to Singh (1980), isosmotic conditions are not 
required for optimal growth. Smith et al. (1982) indicated 
that salinities of up to 10 p.p.t. give results as good as fresh¬ 
water, while salinities between 12 and 25 p.p.t. were used 
experimentally by Popper & Davidson (1982). Stern et al. 
(1987) reported that M. rosenbergii kept for long periods in 
freshwater, and in 15 and 24 p.p.t. brackishwater of varying 
ionic composition (3 different brackishwater sources), were 
able to regulate and maintain their haemolymph osmolal¬ 
ity and ionic composition (sodium, chloride, potassium, 
calcium and magnesium). 

Strauss etal. (1991) performed tolerance tests with non- 
ionized ammonia at high pH with M. rosenbergii PL and 
juveniles and suggested that PL should not be exposed to a 
pH >9.0 or to > 1.0 mg/L NH 3 -N in the pH range 8.5 to 9.0. 
These authors also suggested that juveniles should not be 
exposed to pH > 9.5, or to NH 3 -N levels of >0.5 mg/L at pH 
9.5, > 1 mg/L at pH 9.0 or >2 mg/L at pH 8.5. Strauss et al. 
(1991) concluded that it was desirable to stock PL in ponds 
as early in the morning as possible, when the pH levels are 
lowest, or immediately after pond filling and before a dense 
phytoplankton bloom develops. Stocking juveniles instead 
of PL, since the former are more tolerant of high pH and am¬ 
monia, was also recommended by these authors. Chen & Lee 
(1997) found that the 96-hour LC50 (96-hour lethal concen¬ 
tration) of nitrite nitrogen was 8.49, 11.21 and 12.87 mg/L 
at chloride levels of 15, 24 and 24 mg/L, respectively. 

13.1.4 Recommended water characteristics 

Zimmermann (1998) compiled data from many publica¬ 
tions to create a series of‘ideal’ ranges for a limited number 
of water quality parameters for the grow-out phase of M. 
rosenbergii (Table 13.2). It should be noted that the ‘ideal’ 
water hardness level listed in Table 13.2 is based only on the 
hardness caused by calcium. According to Brown (1991), 
the hardness caused by magnesium may also be important 
to prawns. 


Table 13.2 Ideal ranges for water quality variables for 
the grow-out phase of M. rosenbergii. (Modified from 
Zimmermann 1998, copyright 1998 with permission of 
Sao Paulo State University.) 


Parameter 

Ideal range 

Temperature 

25-32°C 

Transparency 

25-40 cm 

Alkalinity (CaC0 3 ) 

20-60 mg/L 

Hardness (CaC0 3 ) 

30-150 mg/L 

Non-ionised ammonia 

0.1-0.3 mg/L 

Dissolved oxygen 

3-7 mg/L 

PH 

7-8.5 


The optimum ranges for most water quality variables in 
the environmental study of freshwater prawn ponds are un¬ 
available. However, ranges of water and soil characteristics 
found in aquaculture farms in Southern Brazil (including 
freshwater prawn culture) have been drawn up (Table 13.3) 
and it is suggested that this table should be used to provide 
guidelines for application elsewhere. 

13.1.5 Control of water quality 

The maximum prawn biomass that a pond can support 
depends on water quality and the available food. Stocking 
more animals per area does not necessarily result in higher 
production of prawns of commercial size. However, pond 
productivity can be significantly increased if more food 
(either natural or supplementary) is available, and if water 
quality is maintained within an optimum range. The use of 
supplementary feeds is discussed in Chapter 12. The best 
way of increasing the natural food available in a pond is 
through liming and fertilisation. 

13.1.5.1 Liming 

Some waters may have total alkalinity and total hardness 
concentrations less than optimum for M. rosenbergii, and 
liming materials should be applied over pond surfaces to 
increase total alkalinity to 40 to 50 mg/L. There are several 
types of liming materials, the most common being agricul¬ 
tural limestone, burnt lime and hydrated lime. Agricultural 
limestone is made by finely pulverising limestone. Lime¬ 
stone consists of calcium carbonate or a mixture of calcium 
and magnesium carbonates. Limestone may be burnt in a 
kiln to drive off carbon dioxide and yield a product called 
burnt lime, which consists of calcium oxide or a mixture 
of calcium and magnesium oxides. Hydrated lime is pre¬ 
pared by adding water to burnt lime to convert the oxides 
to hydroxides. The properties of liming materials are fully 
discussed by Boyd & Masuda (1994), who emphasise that 
agricultural limestone is the material of choice for liming 
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Table 13.3 Ranges of water and soil quality variables recommended for aquatic life in Southern 
Brazil. (Modified from NRS/SBCS 1995, with permission of UFRGS. This information is based 
upon local environmental requirements, flooded rice technology and aquaculture literature.) 


Parameter 

Water 


Soil 

Range 

Unit 

Range 

Unit 

pH 

7.0—8.0 


>4.5 


Total ammonia nitrogen 

<0.5 

mg/L 



Nitrite nitrogen (NCb-N) 

<1.0 

mg/L 



Nitrate nitrogen (NO3-N) 

<10.0 

mg/L 



Alkalinity (CaCCb) 

40.0-50.0 

mg/L 



Hardness (CaCCA) 

20.0-40.0 

mg/L 



Calcium (Ca) 

12.0-25.0 

mg/L 

2.5—4.0 

Meq/lOOg 

Magnesium (Mg) 

<20.0 

mg/L 

0.5—1.0 

Meq/lOOg 

Ca Mg 

<100.0 

mg/L 

2.5—5.0 

Meq/lOOg 

Potassium (K) 

300-400 

mg/L 

20-120 

p.p.m. 

Orthophosphate (P) 

<0.3 

mg/L 



Total phosphorus (P) 

<0.025 

mg/L 



Sodium (Na) 

<30.0 

mg/L 

<1000 

p.p.m. 

Residual chlorine 

<0.01 

mg/L 



Chloride (Cl) 

<250 

mg/L 



Fluoride (F) 

<1.4 

mg/L 



Sulphate (SO4) 

<250 

mg/L 

2.0—5.0 

p.p.m. 

Hydrogen sulphide (HiS) 

<0.002 

mg/L 



Specific conductance 

100-200 

pS/cm 



Turbidity 

<40 

unit 



Total dissolved solids 

<500 

mg/L 



Faecal coliforms 

200-1000 

NMP/100 ml 



Total coliforms 

1000-5000 

NMP/100 ml 



Oil and grease 

Absence 

- 

Absence 

- 

Pesticides 

Absence 

- 

Absence 

- 

Aluminium (Al) 

<0.1 

mg/L 



Arsenic (As) 

<0.05 

mg/L 



Barium (Ba) 

<1.0 

mg/L 



Beryllium (Be) 

<0.1 

mg/L 



Boron (B) 

<0.75 

mg/L 

0.1-0.3 

p.p.m. 

Cadmium (Cd) 

<0.001 

mg/L 



Lead (Pb) 

<0.03 

mg/L 



Cyanide (CN) 

<0.01 

mg/L 



Cobalt (Co) 

<0.2 

mg/L 



Copper (Cu) 

<0.02 

mg/L 

0.15-0.40 

p.p.m. 

Chromium (Cr) 

<0.05 

mg/L 



Iron (Fe) 

0.3-1.0 

mg/L 

<17.0 

p.p.m. 

Manganese (Mn) 

<0.1 

mg/L 



Mercury (Hg) 

<0.002 

mg/L 



Nickel (Ni) 

<0.025 

mg/L 



Silver (Ag) 

<0.01 

mg/L 



Total uranium (U) 

<0.02 

mg/L 



Vanadium (V) 

<0.1 

mg/L 



Zinc (Zn) 

<0.18 

mg/L 

0.20-0.50 

p.p.m. 


aquaculture ponds. Normally, burnt lime or hydrated lime 
should not be applied to pond water. 

Agricultural limestone will dissolve in pond waters when 
total alkalinity is less than 60 mg/L (Boyd 1990). However, 
the bicarbonate and carbonate resulting from the disso¬ 
lution of agricultural limestone will react with the acidic 


components of the pond soil, and unless enough limestone 
is applied to neutralise bottom soil acidity, liming will have 
little lasting effect on total alkalinity. Therefore, the liming 
rate for a pond should be based on the lime requirement of 
the soil. The acidity of soil is associated with the fine, clay¬ 
sized particles, so lime requirement increases as soil pH 
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Table 13.4 Lime requirements of bottom muds based 
on pH and texture of mud. (Reproduced with permission 
from Boyd 1990.) 


Mud pH 

Lime requirement (kg/ha as CaCCb) 

Heavy loams or clays 

Sandy loam 

Sand 

<4.0 

14 320 

7160 

4475 

4.0-4.5 

10 740 

5370 

4475 

4.6—5.0 

8950 

4475 

3580 

5.1-5.5 

5370 

3580 

1790 

5.6—6.0 

3580 

1790 

895 

6.1-6.5 

1790 

1790 

0 

>6.5 

0 

0 

0 


decreases and soil texture becomes finer. Data provided by 
Boyd & Tucker (1998) may be used to obtain lime require¬ 
ments for pond soils based on soil pH and rough estimates 
of soil texture (Table 13.4). The soil pH should be mea¬ 
sured in a 1:1 mixture of dry pulverised soil and distilled 
water. Pillai & Boyd (1985) developed a chemical proce¬ 
dure for determining lime requirement of pond soils, but 
this method requires laboratory soil analysis. As an alter¬ 
native to measuring lime requirement, aquaculturists may 
apply lime to ponds at rates similar to those used on agri¬ 
cultural soils in the surrounding area, but application rates 
normally should be at least 500 kg/ha; usually 1000 kg/ha is 
required for a good response (Boyd 1990). 

When applying agricultural limestone to prawn pond 
water, it should be spread uniformly over the pond surface 
in the dormant season before pond fertilisation is initi¬ 
ated. When phosphate fertiliser and agricultural limestone 
are applied within the same week, much of the phosphate 
added to the water by fertilisations may be lost through 
precipitation as calcium phosphate (Boyd & Tucker 1998). 
The residual effect of liming depends upon the residence 
time of water in ponds. Ponds that have considerable flow¬ 
through, or that are drained annually, may need to be limed 
every year. The best way to determine if a pond needs to 
be treated with agricultural limestone is to measure total 
alkalinity. In M. rosenbergii culture, agricultural limestone 
should be applied if waters contain less than 30 to 40 mg/L 
total alkalinity. Waters containing over 60 mg/L total alka¬ 
linity probably should not be limed, because the limestone 
will not dissolve in them unless there is an abundance of 
carbon dioxide. 

There are instances where waters exhibit a high level 
of total alkalinity but a low total hardness. Liming will not 
increase total hardness in such waters, but total hardness can 
be increased by applying calcium sulphate (gypsum). The 
application rate needs to be about 2 mg/L gypsum for each 
1 mg/L increase in total hardness (Wu & Boyd 1990). For 
example, if the total hardness is 15 mg/L, and it is desired to 


have a total hardness of 50 mg/L, 70 mg/L of gypsum should 
be applied. This is equal to 70 g/m 3 of gypsum or 700 kg of 
gypsum in a 1 ha pond with a water depth of 1 m. 

13.1.5.2 Mineral fertilisation 

Mineral fertilisers are applied to pond water to increase 
concentrations of nutrients and stimulate phytoplankton 
productivity. Greater phytoplankton productivity has three 
basic benefits: it increases the base of the food chain to pro¬ 
vide more natural food for prawns, it creates turbidity in the 
water to prevent underwater weed growth, and the turbidity 
shelters the prawns from bird predation. In freshwaters, ni¬ 
trogen and phosphorus are normally the limiting mineral 
nutrients for phytoplankton growth, so general fertilisa¬ 
tion programmes are based on these two nutrients (Boyd & 
Tucker 1998). The best ratio of N:P 2 Os in freshwater ponds 
appears to be 1:3 or 1:4. Diammonium phosphate (18% N 
and 48% P2O5) or mono-ammonium phosphate (11% N 
and 48% P2O5) are excellent pond fertilisers, but the de¬ 
sired ratio of nitrogen and phosphorus can be obtained by 
mixing together various other fertiliser source materials. 
Experiments on pond fertilisation (Boyd & Tucker 1998) 
revealed that applications of fertilisers which provide 4 to 
8 kg PjOs/ha are sufficient to promote the growth of phy¬ 
toplankton. However, applications usually need to be made 
at 2 to 4 week intervals to sustain a phytoplankton bloom 
in waters where feed inputs are low. 

Granular fertilisers settle quickly before dissolving on the 
pond bottom (Boyd 1981). Soil quickly adsorbs phosphate 
and binds it tightly. It is preferable that fertilisers should be 
applied in a manner that allows them to dissolve before they 
contact bottom soil. One alternative is to use liquid fertiliser; 
an excellent choice is an ammonium polyphosphate (10% N 
and 34% P 2 0 5 ) liquid fertiliser. This fertiliser has a density 
of 1.4, so it must be diluted with water and splashed over 
the pond surface to prevent it from sinking to the bottom. 
Another alternative is to use granular fertilisers but place 
them in a tank of pond water first, mixing them to provide 
a slurry to splash over the pond surface. It is also effective 
to apply granular fertilisers on underwater platforms or 
in porous bags suspended in the water, so that they can 
dissolve within the water column and away from the bottom 
soil. Several companies in the USA have supplied a finely 
pulverised fertiliser for ponds. This material is so fine that 
it will dissolve almost instantly, and it may be broadcast 
directly over pond surfaces (Rushton & Boyd 1995). 

In ponds where prawns are fed (which is the norm), 
considerable quantities of nutrients reach the water from 
feed wastes. Care must therefore be taken to prevent over¬ 
fertilisation and excessive phytoplankton blooms which 
may lead to low DO; concentrations. In ponds where tur¬ 
bidity results primarily from plankton, Secchi disks may 
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be used as a guide to pond fertilisation. The best range in 
Secchi disk visibility is from 25 to 40 cm. Secchi disk visi¬ 
bility may be checked frequently, and when it is 25 cm or 
less, fertiliser should not be applied. The fertiliser dose also 
can be adjusted for Secchi disk visibility. For example, if 
the Secchi disk visibility is 40 cm or greater, the entire dose 
containing 4 to 8 kg P 2 0 5 /ha should be applied, but if the 
Secchi disk visibility is 30 cm, the dose should be reduced 
proportionally. 

13.1.5.3 Organic fertilisation 

Animal manures and other organic materials are often 
used as fertilisers in aquaculture ponds. Organic matter 
may provide food for zooplankton and other aquatic food 
organisms, and it decomposes to release nitrogen, phos¬ 
phorus and other nutrients into the water and stimulates 
phytoplankton growth. Manures can be just as effective as 
mineral fertilisers in stimulating the productivity of ponds 
(Olah et al. 1986), but animal manures in particular have 
several disadvantages for use in aquaculture. They have a 
variable composition; their nitrogen and phosphorus con¬ 
tent is low; large amounts must be applied; they have an 
oxygen demand; their use results in organic residues on the 
pond bottom; detritus from manures provides a starting 
point for growth of filamentous algae; they have high con¬ 
centrations of heavy metals; and they may be contaminated 
with antibiotics (Boyd & Tucker 1998). Animal manures 
should normally be discouraged for use in prawn ponds 
and mineral fertilisers favoured. If the aquaculturist really 
wants to use organic fertilisers, plant meals such as soybean 
meal, rice bran or other products of more consistent com¬ 
position and higher quality than animal manures should be 
used. Application rates for such materials should not exceed 
20 to 30 kg/ha/day, and they should be broadcast over the 
pond surface. 


13.1.5.4 Mechanical aeration 

Aerators are mechanical devices which increase the rate at 
which oxygen enters water and utilise two basic techniques: 
i) water is splashed into the air, or ii) bubbles of air are 
released into the water. Hence, we have ‘splasher’ and ‘bub¬ 
bler’ aerators. 

Types of splasher aerators include vertical pump, pump- 
sprayer and paddlewheel aerators. Vertical pump aerators 
consist of a motor with an impeller (propeller) attached 
to its shaft. The motor is suspended below a float with 
a centre opening and the impeller jets water into the air. 
Pump-sprayer aerators employ a centrifugal pump to spray 
water at high velocity through holes in a manifold and 
into the air. These types of aerators are not widely used. 
Paddlewheel aerators splash water into the air as the pad- 
dlewheels rotate. The small, electric paddlewheel aerator 
known as the ‘Taiwan-style’ aerator is often used in aquacul¬ 
ture. Much larger and more efficient electric paddlewheel 
aerators (Fig. 13.1) are used in channel catfish farming in the 
USA. Tractor-powered paddlewheel aerators can be used to 
supplement smaller aerators during low D0 2 crises or in 
ponds without an electrical supply. Paddlewheel aerators 
are probably used more widely in prawn farming than all 
other types of aerators combined. 

Bubbler aerators include diffused-air systems and 
propeller-aspirator-pumps. In a diffused-air system an air 
blower is employed to deliver air through an air line, and 
the air is released through air diffusers located on the pond 
bottom or suspended in the water. The propeller-aspirator- 
pump aerator has a high velocity, uncased impeller at the 
end of a hollow shaft and housing. In operation, air flows 
down the shaft by the venturi principle and is released 
through a diffuser into the water as fine bubbles. 

Boyd & Ahmad (1987) evaluated more than 30 types 
of aerators for aquaculture. The oxygen transfer efficien¬ 
cies of aerators in kilograms of oxygen transferred per 



Fig. 13.1 Large electric paddlewheel aerator. 
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Table 13.5 Oxygen transfer efficiencies of basic types 
of aerator. (Reproduced with permission from Boyd 
1990.) 


Type of aerator 

Average oxygen transfer 
efficiency (kgCh/kW-hr) 

Paddlewheel 

2.13 

Propeller-aspirator-pumps 

1.58 

Vertical pumps 

1.28 

Pump sprayers 

1.28 

Diffused air systems 

0.97 


kilowatt-hour of power applied to aerator shafts for the ba¬ 
sic types of aerators is summarised in Table 13.5. The most 
common use of aeration in aquaculture is probably to pre¬ 
vent stress and mortality when occasional oxygen depletions 
occur. This type of aeration is commonly called emergency 
aeration and is a proven management tool. Farmers mon¬ 
itor DO 2 concentrations and pond conditions. When they 
expect the DO 2 concentration to fall below 2 to 3 mg/L, aer¬ 
ation is initiated and continued until there is no longer any 
danger of a DO 2 depletion. Emergency aeration is seldom 
necessary on more than a few nights per year, and then it 
is normally only needed between midnight and dawn, dur¬ 
ing prolonged periods of cloudy weather, or after plankton 
die-offs. 

Aeration is usually required in crustacean ponds where 
feeding rates exceed 25 to 35kg/ha/day (Boyd & Tucker 
1998). It is needed more at night than in daytime, because 
photosynthesis usually maintains high concentrations of 
oxygen during the day. However, crustaceans live on the 
pond bottom, and mechanical aeration to circulate pond 
water continually replenishes the supply of oxygenated 
water at the pond bottom. Thus, daytime aeration of 
heavily stocked M. rosenbergii ponds is probably desirable 
(Chapter 9). 

It is difficult to select an ideal amount of aeration for 
aquaculture ponds because many variables influence DO 2 
concentrations. However, Boyd (1997) provided calcula¬ 
tions which suggest that each horsepower of aeration by a 
standard pond aerator will allow an increase in production 
of the cultured species of about 400 to 500 kg/ha above that 
possible without aeration. 


13.2 Pond soil and sediment management 

13.2.1 Soil nutrients and soil-water exchange 

Pond soils consist of mineral particles (sand, silt and clay) 
and organic matter particles that are intimately mixed. The 
fine particles of soil (clay and organic humus) are nega¬ 


tively charged and attract positively charged cations. Thus, 
the bottom soil acts as a cation exchange resin and has 
a capacity both to hold cations and to exchange cations 
with the water. Acidic soils also may contain minerals such 
as iron and aluminium hydroxides and oxides which can 
precipitate phosphorus as highly insoluble iron and alu¬ 
minium phosphates or adsorb phosphate directly. In neu¬ 
tral or alkaline soils, phosphate is precipitated as highly 
insoluble calcium phosphates. The acidity of soils in fresh¬ 
water ponds is usually related to the proportion of the cation 
exchange sites occupied by aluminium ions. Soils with high 
proportions of exchangeable aluminium are acidic. Neutral 
and basic soils have a small proportion or no exchangeable 
aluminium and may contain free calcium carbonate and 
gypsum. The organic matter in pond soils includes the re¬ 
mains of dead pond organisms, uneaten feed, faeces, and or¬ 
ganic materials applied as fertilisers. This material ranges in 
size from detritus to simple, dissolved organic compounds, 
but much is in the form of humus. Further discussion of 
pond soil chemical composition may be found in Boyd 
(1995). 

When water is applied to ponds, equilibrium will be es¬ 
tablished between concentrations of substances in the soil 
and in the water. Assuming that aerobic conditions persist 
at the soil-water interface, the soil will tend to be a sink for 
phosphorus, and equilibrium phosphate concentrations in 
the water will be 0.1 mg/L or less (Masuda & Boyd 1994). 
Some ammonium may be adsorbed on cation exchange 
sites in bottom soil, but the largest influence of soil on ni¬ 
trogen dynamics in pond water is the conversion of nitrate 
to nitrogen gas in the anaerobic soil beneath the soil-water 
interface (Hargreaves 1997). Organic matter decomposition 
releases carbon dioxide, ammonia and other nutrients into 
the pond water. In acidic soils, alkalinity will be lost from 
water when it neutralises acidity in soils, but in neutral to 
alkaline soils, dissolution of calcium and magnesium com¬ 
pounds in pond soils may increase the total alkalinity and 
total hardness of pond water. If the soil-water interface be¬ 
comes anaerobic, reduced and potentially toxic substances 
may enter the pond water. 


13.2.2 Organic matter, respiration and 
oxidation-reduction 

The decomposition of organic matter in pond soils is the 
most critical soil process affecting production. The organic 
matter may be decomposed either aerobically or anaerobi¬ 
cally (Kristensen etal. 1995). In aerobic decomposition, the 
end products of decomposition are water, carbon dioxide 
and mineral nutrients such as ammonia, phosphate and sul¬ 
phate, while in anaerobic decomposition, potentially toxic 
compounds such as hydrogen sulphide, nitrite and certain 
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organic compounds are formed. Water can circulate freely 
in the pond water column, but it can only move slowly by 
infiltration within the pores of pond soil. The rate that oxy¬ 
gen can enter the soil depends upon the rate of infiltration 
and diffusion of oxygen molecules through the water in the 
pore space. The microbial demand for oxygen in pond soils 
is high (Schroeder 1987), so aerobic conditions cannot be 
maintained for more than a few millimetres into the soil. 
When oxygen concentration becomes low, the redox poten¬ 
tial declines (the soil becomes more reduced). The source 
of the reducing power (hydrogen ions) is the microbial 
degradation of organic matter. The more organic matter 
in the soil, the greater the potential for anaerobic condi¬ 
tions and low redox potential. When the redox potential 
is low, reduced and potentially toxic microbial metabolites 
accumulate in the pore water. However, as long as the soil- 
water interface remains aerobic (high redox potential), the 
reduced substances are blocked by re-oxidation from en¬ 
tering the pond water. Thus, one of the objectives of pond 
soil management is to maintain aerobic conditions at the 
soil-water interface. 

It is not necessary to measure the redox potential in soil to 
determine if conditions are oxidising (aerobic) or reducing 
(anaerobic); simple observation is sufficient. Oxidised soil 
has a much lighter colour than reduced soil. For example, 
the oxidised surface layer of soil in a pond is brown, while 
the underlying reduced layer is black. This is the natural 
situation, and production problems will not result from the 
reduced sub-layer. However, when the black colour rises to 
the soil-water interface, reduced substances may enter the 
water and be toxic to the culture species. 

The major factors affecting the decomposition of or¬ 
ganic matter are moisture content, DO 2 concentration, pH, 
temperature and the composition of the organic matter. 
Waterlogged soils are poorly oxygenated, and decomposi¬ 
tion tends to occur by anaerobic processes at depths of a 
few millimetres below the soil-water interface. When pond 
bottoms are dried, air containing oxygen enters the pore 
spaces and cracks the soil to accelerate aerobic decompo¬ 
sition and oxidation of reduced compounds. However, if 
the soil becomes too dry, decomposition slows because of 
lack of moisture (Boyd & Pippopinyo 1994). Microbial de¬ 
composition occurs most rapidly at pH values between 7.5 
and 8.5. Low pH favours slow decomposition and accumu¬ 
lation of organic matter (Boyd & Pippopinyo 1994). The 
decomposition of organic matter increases with increasing 
temperature within the temperature range found in aqua¬ 
culture ponds. Organic matter with a narrow C:N ratio and 
containing a high proportion of non-cell wall material de¬ 
composes much faster than fibrous organic matter with a 
wide C:N ratio (Alexander 1961). In general, the types of 
organic matter deposited on the bottoms of aquaculture 
ponds readily decompose. 


13.2.3 Pond sediments 

When ponds are initially constructed, the surface soil from 
the pond bottom area is normally removed and used for the 
construction of pond embankments. The pond bottom of 
a newly constructed pond usually consists of a mineral soil 
with a low concentration of organic matter and is usually 
compacted to reduce infiltration, so it is smooth and hard. 
Sediment begins to form in pond bottoms once they are 
filled with water and aquaculture activities initiated. There 
are several sources of sediment, which include soil particles 
entering with the water supply, the erosion of pond bottoms 
and above-water portions of embankments, the remains of 
dead pond organisms, prawn faeces, and organic materials 
applied to ponds as fertilisers. The finer particles of clay 
and organic matter tend to migrate to the deeper water 
areas of ponds, and there is a general pattern of erosion 
from shallow areas and deposition in deeper layers. Distinct 
soil profiles quickly develop in the deeper areas of ponds 
(Munsiri etal. 1995). There is usually a flocculent layer high 
in water content and organic sediment just above the soil, a 
surface soil layer that tends to be well mixed and relatively 
high in organic matter, a layer of unmixed bulk sediment 
relatively high in organic matter, a transition layer, and 
finally the undisturbed and original pond bottom. 

These layers or horizons were named the F, S, M, T and 
P horizons, respectively (Munsiri et al. 1995). The organic 
matter contents of tropical aquaculture pond soils are usu¬ 
ally not greater than 6 to 8% (3 to 4% organic carbon) 
even in the S horizon, but the solids in the flocculent layer 
(F horizon) above the S horizon are about 50% organic mat¬ 
ter. The organic matter in the S and M horizons is partially 
decomposed and similar to humus in terrestrial soil. The 
most reactive organic matter is in the flocculent layer and 
the surface of the S horizon. In prawn ponds with high 
feeding rates and inadequate aeration, accumulation of 
organic matter in the F horizon and at the surface of the 
S horizon is likely to lead to anaerobic conditions. 

Sometimes pond water supplies have heavy loads of sus¬ 
pended soil particles. When introduced into ponds, the soil 
particles quickly settle to the pond bottom and produce an 
undesirable layer of soft sediment. Pond volume is also lost 
through sediment accumulation. 

13.2.4 Pond bottom management 
13.2.4.1 Soil evaluation 

The two most important variables for consideration in pond 
soil management are soil pH and organic carbon. Both 
of these variables can be easily measured. The best time 
to obtain the soil sample is soon after the pond has been 
drained, but before any soil treatments have been applied. 
Soil samples should be collected from several places in the 
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pond bottom. It is adequate to take 10 to 12 random sam¬ 
ples of the upper 5 cm layer and combine equal volumes 
of these samples to provide a composite sample for anal¬ 
ysis. The composite sample should be mixed thoroughly, 
dried in an oven at 60°C and pulverised to pass a 20-mesh 
screen. If an oven is not available, samples can be spread 
in a thin layer on a plastic sheet or in a shallow plastic pan 
and dried quickly in the sun. The best procedure for or¬ 
ganic carbon determination is the Walkley-Black Method 
(Boyd & Tucker 1992). The standard procedure requires 
a modest amount of laboratory equipment, but the Hach 
Chemical Company markets a portable soil organic carbon 
kit (Model CEL/700) based on the Walkley-Black Method, 
which provides results comparable to the standard Walkley- 
Black procedure (Queiroz & Boyd 1998). To measure soil 
pH, 10 to 20 g of dry, pulverised sample (sieved through 
a 0.085 mm screen) should be mixed with 10 to 20 ml of 
distilled water, stirred intermittently for 20 minutes, and 
the pH measured with a glass electrode. Many farmers use 
a hand-held pH-soil moisture tester which can be inserted 
directly into the pond bottom soil but this device will not 
measure pH accurately (Thunjai et al. 2001). 

Soil organic carbon concentrations in bottom soils of 
prawn ponds seldom exceed 1 to 2%, and values in excess 
of 3 to 4% are probably excessive. Organic carbon values can 
be multiplied by a factor of 2 to provide a rough estimate of 
actual organic matter. Soil pH values measured as described 
above should be between 7 and 8.5. Methods for accelerating 
the decomposition of soil organic matter and for increasing 
soil pH are described below, in sections 13.2.4.2-13.2.4.7. 
There is no feasible procedure for lowering a high soil pH. 

Bottom soils were collected from 18 freshwater prawn 
ponds ranging from 1 year to more than 20 years of age in 
Thailand (Wudtisin & Boyd 2006). The primary soil man¬ 
agement procedure was to treat bottoms of empty ponds 
with 60 to 625 kg/ha of lime and to dry them for 2 weeks be¬ 
fore refilling with water. The average composition of the soil 
was as follows: pH 6.48; organic carbon 1.07%; total nitro¬ 
gen 0.14%; dilute-acid extractable phosphorus 5.7 mg/kg; 
and total phosphorus 344 mg/kg. There was no correlation 
(P >0.05) between pond age and concentration of any of 
the soil quality variables. It appears that freshwater prawn 
ponds in Thailand can be operated for at least 20 years 
without serious deterioration in bottom soil quality. 

13.2.4.2 Drying 

It is common practice to dry pond bottoms between crops. 
Drying accelerates the decomposition of organic matter 
that has accumulated in the bottom during the previous 
crop, by providing better oxygenation for bacteria. Better 
oxygenation of the soil oxidises reduced inorganic and or¬ 
ganic compounds, thus improving soil condition. Drying 


also kills disease organisms and their carriers that may exist 
in the soil. A drying period of 2 to 3 weeks is usually ade¬ 
quate. In the rainy season, it may be impossible to dry soil 
adequately but, as a rule, pond bottoms should be dried 
well at least once per year (Boyd 1995). 

13.2.4.3 Liming and disinfection 

In ponds where disease was a serious problem in the pre¬ 
vious crops, some farmers treat the pond bottom with an 
agent to kill disease organisms and reduce the possibility of 
disease in the next crop. The most effective and economical 
way of disinfecting a pond is to apply burnt lime or hydrated 
lime to increase the soil pH above 10 and kill disease organ¬ 
isms (Snow & Jones 1959). A treatment rate of 1000 kg/ha 
of burnt lime or 1500 kg/ha of hydrated lime is usually suffi¬ 
cient for disinfecting pond bottoms (Boyd 1995). The lime 
must be spread uniformly over pond bottoms while they 
are still wet, so that it will dissolve and penetrate the soil 
mass to raise pH and kill pathogens and their carriers. 

Chlorination has also been used to disinfect pond soils. 
However, the organic matter in pond soils quickly reduces 
chlorine residuals to non-toxic chloride (White 1992), and 
500 mg/L of calcium hypochlorite may be needed for disin¬ 
fection. To reach this concentration of calcium hypochlo¬ 
rite, about 1000 kg/ha must be applied to the pond bot¬ 
tom to satisfy the chlorine demand as well as leave residual 
chlorine for disinfection. Thus, chlorination is much more 
expensive than lime treatment. 

13.2.4.4 Oxidants 

Nitrates may be applied to pond bottoms to act as a soil oxi¬ 
dant and enhance the decomposition of soil organic matter. 
Nitrate treatment can increase the redox potential, but it will 
not appreciably increase the rate of organic matter decom¬ 
position. This treatment is suggested only for use in areas 
of the pond bottom that cannot be dried completely. The 
nitrate dissolves in soil moisture and penetrates into anaer¬ 
obic zones in the soil where it serves as a source of oxygen 
for bacteria (Avnimelech & Zohar 1986), as illustrated in 
the following generalised equation: 

4 NO 3 + 5CH 2 0 (organic matter) + 4H + 

2N 2 + 5C0 2 + 7H 2 0 

Oxygen from nitrate is used by bacteria to mineralise or¬ 
ganic matter to carbon dioxide and water. The nitrogen 
gas produced in denitrification is lost to the atmosphere. 
Sodium nitrate has a basic reaction in ponds because car¬ 
bon dioxide and water combine to form bicarbonate. This 
reaction reduces acidity, but sodium nitrate treatment is 
not a substitute for liming. For most ponds, an application 
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rate of 150 to 200 kg/ha of sodium nitrate or other types of 
nitrate to pond bottoms is sufficient, but if organic carbon 
concentrations are thought to be high (or are measured as) 
above 3 to 4%, twice as much nitrate should be broadcast 
uniformly over pond surfaces while the soil is still moist. 
Nitrate can be applied with agricultural limestone in acidic 
ponds. 

Hydrogen peroxide (H 2 O 2 ) has been used for many years 
as a source of dissolved oxygen in fish transport contain¬ 
ers in remote areas (Boyd & Tucker 1998). When added 
to water, hydrogen peroxide releases molecular oxygen as 
follows: 

2H 2 0 2 2H,0 + 0 2 

Thus, 1 mg/L of hydrogen peroxide will release about 
0.47 mg/L of DO 2 . The hydrogen peroxide concentration in 
commercial preparations of this chemical range from about 
3% in ‘over-the-counter’ products used as disinfectants to 
about 90% in rocket fuel. Products with concentrations 
above 20 to 30% would be extremely hazardous to handle. 

Hydrogen peroxide will also oxidise organic matter be¬ 
cause it is a strong oxidant. The reaction may be illustrated 
using CHiO to represent organic matter: 

CH 2 0 + H 2 0 2 CO, + 2H 2 0 

In this reaction, lmg H 2 O 2 /L decomposes 0.88 mg/L or¬ 
ganic carbon. 

In Japan, eel producers have been reported to apply cal¬ 
cium peroxide (Ca0 2 ) granules containing 60% CaCT to 
ponds at 25 to 100 g/m 2 monthly as a supplemental source 
of oxygen (Boyd & Tucker 1998). The reaction is 

2Ca0 2 + 2H 2 0 2Ca(OH) 2 + 0 2 

The oxygen yield would be about 0.37 kg 0 2 for each kilo¬ 
gram of calcium peroxide. 

Some freshwater prawn farmers are applying hydrogen 
peroxide to ponds at 30 to 40 L/ha to increase D0 2 concen¬ 
tration and stimulate organic matter decomposition. We do 
not know the strength of hydrogen peroxide solutions used 
or have documented evidence of results. However, this prac¬ 
tice would only be useful in emergencies where mechanical 
aeration is unavailable. Dissolved oxygen can be supplied 
much more cheaply by mechanical aeration than by per¬ 
oxide treatment. Moreover, an excessive concentration of 
peroxide could kill freshwater prawns. 

Nitrate has an advantage over peroxides, for it only re¬ 
leases oxygen when the D0 2 concentration and redox po¬ 
tential are low. Therefore, nitrate is more effective as a 
soil oxidant than peroxide, because it does not release its 



Fig. 13.2 Disc harrow. 


oxygen until the oxygen is needed to prevent low redox 
potential. 

13.2.4.5 Tilling 

Tilling (ploughing) pond bottoms during the drying pe¬ 
riod can enhance its oxygen content. Heavy-textured soils 
(clays and clay loams) will benefit more from tilling than 
light-textured soils (sands, sandy loams and loams). Tilling 
should be done with a disc harrow (Fig. 13.2) and limited 
to a depth of 5 to 10 cm. A rotor tiller is also suitable, but 
it is destructive of soil structure. Turning ploughs (break¬ 
ing ploughs) require much more energy to use than disc 
harrows but are useful when there is an excessive concen¬ 
tration of organic matter on the soil surface because they 
turn the soil over, burying the surface layer under soil of 
lower organic matter concentration from deeper layers. Till¬ 
ing should be done while bottom soils are still moist, but 
bottoms should be dry enough to support the weight of the 
tractor tyres and prevent formation of ruts. 

13.2.4.6 Sediment removal 

It is usually unnecessary to remove sediment from ponds. 
However, where interior canals fill in, or if particularly large 
amounts of sediment accumulate in deeper parts of ponds, 
causing them to lose volume, sediment removal may be 
necessary. A study by Yuvanatemiya 8t Boyd (2006) showed 
that sediment removal can greatly improve the physical and 
chemical quality and lessen the oxygen demand of bottom 
soils. Disposal of sediment removed from pond bottoms 
should be done in a way to prevent the material washing 
back into ponds or canals after heavy rains and to avoid ad¬ 
verse ecological impacts. Site-specific methods of sediment 
disposal must be developed for each farm (Donovan 1997). 
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13.2.4.7 Fertilisation 

As a general rule, fertilisation of pond bottoms before filling 
ponds is not a good practice. However, it is often practised 
in freshwater prawn farming to create an initial bloom of 
phytoplankton (Chapters 9 and 17). Phosphorus in the fer¬ 
tilisers will be adsorbed by the soil and rendered unavailable 
to the water. The exception is for ponds constructed in soils 
consisting of a mixture of mineral particles and fibrous 
organic matter with a wide C:N ratio, which retards the 
decomposition of the organic matter. In these cases, fer¬ 
tilisation between crops with a nitrogen fertiliser at 50 to 
100 kg N/ha can accelerate organic matter decomposition 
and improve pond bottoms. If pond soils are acidic, agri¬ 
cultural limestone should also be applied. Best results will 
be obtained if the fertiliser and limestone are mixed into 
the soil by tilling. Some soils which are very low in organic 
matter (<0.5%) may benefit from applications of organic 
matter. The disadvantages of manures have been mentioned 
in section 13.1.5.3 and, for these types of soils, it is prefer¬ 
able to apply 500 to 1000 kg/ha of plant meal, which should 
also be incorporated by tilling. 

13.3 Miscellaneous water and 
soil treatments 

In addition to the standard pond treatments such as fertili¬ 
sation, liming and mechanical aeration discussed in section 
13.2.4, a number of other treatments are sometimes used in 
attempts to improve soil and water quality. A few of these 
treatments are known to be effective under certain condi¬ 


tions, while positive effects of other treatments have not 
been clearly demonstrated. 

13.3.1 Predator elimination 

Drying and disinfecting pond bottoms between crops as 
discussed above improves soil condition and kills disease 
organisms and their carriers, and these treatments also 
kill predators. Clifford (1992) presented a list of the main 
chemical substances and recommended doses to disinfect 
the bottoms of marine shrimp ponds (Table 13.6). These 
recommendations can also be used in freshwater prawn 
farming. 

The piscicide rotenone is widely used to eradicate wild 
fish before ponds are stocked with prawns. Rotenone is 
a complex organic compound (C 23 H 22 0 6 ) which is ex¬ 
tracted from the roots of several plants. It interferes with 
respiration and is extremely toxic to fish at low concen¬ 
trations such as 0.05 to 2.0mg/L (Boyd 1990). Its high 
toxicity is affected by temperature, hardness and water pH. 
Rotenone may be detoxified with potassium permanganate. 
Several other chemicals are being tested for the poten¬ 
tial to eliminate predators in aquaculture. These include 
high doses of ammonia, potassium permanganate, calcium 
hypochlorite, calcium oxide, calcium hydroxide with am¬ 
monium sulphate, bleaching powder, urea and tea seed 
cake (which contains saponin, a glucoside that destroys red 
blood cells and is highly toxic to fish). These products are 
also toxic to prawns and, when used in ponds, must be al¬ 
lowed to degrade to their non-toxic form before prawns are 
stocked. 


Table 13.6 Disinfectants and piscicides in marine shrimp ponds. (Modified with 
permission from Clifford 1992.) 


Substance 

Disinfectant (D) 
or piscicide (P) 

Recommended doses 

Formalin 

D 

5-10 mg/L 

Potassium permanganate 

D 

2-4 mg/L 

Organic silver 

D 

1-10 mg/L 

Organic iodine 

D 

1-5 mg/L 

Malachite green 

D, P 

nd 

Sodium hypochlorite (5.25%) 

D, P 

100-300 mg/L 

Calcium hypochlorite (HTH) (65%) 

D, P 

10-300 mg/L 

Calcium oxide 

D, P 

1000-5000 kg/ha 

Calcium hydroxide 

D, P 

1000-2000 kg/ha 

Rotenone (5%) 

P 

1-4 mg/L 

Potassium cyanide 

P 

1 mg/L 

Limestone ammonium sulphate 

P 

1000-1200 kg/ha 

Sodium pentachlorophenate 

P 

0.5-1.0 mg/L 

Malathion 

P 

25-50 mg/L 

Endrin 

P 

nd 


nd = not determined. 
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Table 13.7 Tolerance studies with M. rosenbergii juveniles. 


Substance 

Tolerance level 
(mg/L) 

Test 3 

Reference 

Tetracycline 

594 

TL m 

Liao 8c Guo (1987) 

Chloramphenicol 

2717 

TL m 

Liao 8c Guo (1987) 

Benzalconium chloride 

2 

- 

Liao 8c Guo (1990) 

Benzethonium chloride 

6 

- 

Liao 8c Guo (1990) 

Cetylpyridinium chloride 

0.13 

- 

Liao 8c Guo (1990) 

Potassium permanganate 

6 

- 

Liao 8c Guo (1990) 

Malachite green 

1.14 

- 

Liao 8c Guo (1990) 

Malachite green 

2 x 10" 8 

SC 

Chen etal. (1995) 

Furazolidone 

>300 

TL m 

Liao 8c Guo (1986) 

Nitrofurazone 

>362 

TL m 

Liao 8c Guo (1986) 

Formalin 

423 

TL m 

Liao et al. (1989) 

Formalin 

4 x 10 -6 

SC 

Chen et al. (1995) 

Saponin 

168 

TL m 

Liao et al. (1989) 

Cadmium 

0.057 

- 

Chan et al. (1992) 

Copper 

0.05 

TAcute 

Ismail et al. (1990) 

Copper sulphate 

0.39 

- 

Liao 8c Guo (1990) 

Copper sulphate 

0.012 

96-liLCso 

Natarajan etal. (1992) 

Hydrogen sulphide 

2.6 b 

4.2 C 

96-hLCso 

Jayamanne (1986) 

Mercury 

0.325 

Toxic 

Piyan et al. (1985) 

Zinc 

2.97 

- 

Chan et al. (1992) 

Azodrin 

Non-toxic 

- 

Tuan 8c Tan (1992) 

Clarosan 

0.02 

Non-toxic 

Aquacop (1979) 

Endosulfan 

0.006 

96-hLCso 

Natarajan etal. (1992) 

Malathion 

0.013 

96-hLCso 

Natarajan etal. (1992) 

Methyl-parathion 

Trace 

Toxic 

Tuan 8c Tan (1992) 

Mirex 

0.104 

24-hLC5o 

Summer 8c Eversole (1978) 

Monitar 

Non-toxic 

- 

Tuan 8c Tan (1992) 

Sherpa 

Trace 

Toxic 

Tuan 8c Tan (1992) 

Sumithion 

Trace 

Toxic 

Tuan 8c Tan (1992) 


3 TL m = average lethal toxicity; TAcute = acute toxicity; 96-hour LC 50 = lethal concentration to 
50% of prawns in test after 96 hours; SC = safe concentration. 
b 21 -day juveniles. 
c 2-month juveniles. 


In Latin America and Asia, organo-phosphorus in¬ 
secticides (guthion, dichlorvos and phosphamidon) and 
chlorinated hydrocarbon insecticides have been used to 
eradicate fish from ponds. The use of insecticides is not 
recommended for prawn culture, not only because of their 
high human toxicity and the long residual life of some 
compounds, but also because of their toxicity to prawns, 
and their possible accumulation in prawn tissues. 

13.3.2 Therapeutants 

Many therapeutants are used in the hatchery and nurs¬ 
ery phases of M. rosenbergii culture. However, only a few, 
namely potassium permanganate, formalin, salt and copper 
sulphate, are employed in grow-out ponds. Several diseases 
are treated with potassium permanganate at doses of 2 to 
4 mg/L. Higher doses are not used because this chemical 


has been shown to be toxic to juvenile freshwater prawns 
(Table 13.7). The toxicity of potassium permanganate to 
bacteria is decreased in waters with plankton blooms, so 
application rates must often be increased beyond the target 
concentration range of 2 to 4 mg/L. Formalin is widely used 
in aquaculture for the control of fungi and external para¬ 
sites. It appears to be relatively non-toxic to M. rosenbergii 
PL at concentrations lower than 400 mg/L (Table 13.7). 
However, it is highly toxic to plankton and pond treat¬ 
ments of 15 mg/L may cause DO; depletion in ponds with 
heavy plankton blooms (Boyd 1990). Macrobrachiwn grows 
well in low salinities (l-5p.p.t.; see also section 13.1.3) 
and salt (NaCl) can be used at doses sufficient to provide 
therapeutant action. Salt is very cost-effective compared 
to other chemicals. Copper sulphate (CuS0 4 -5H 2 0) is an 
algicide and also can be used as a therapeutant at concen¬ 
trations of 0.01 to 0.3 mg/L. It also has bactericidal and 
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fungicidal properties but is frequently replaced by salt, 
which is cheaper. 

13.3.3 Herbicides 

Herbicides are used to control aquatic macrophytes. The 
most widely used are copper sulphate, copper chelates, 
dichlobenil, diquat, diuron, endothal and simazine. The 
PAN pesticides database (Kegley et al. 2008) has an exten¬ 
sive list of dosage and toxicity levels of chemicals dedicated 
to M. rosenbergii obtained from the primary scientific litera¬ 
ture. Manufacturers of these products provide information 
on effective methods of application and the dosages for 
killing particular types of macrophytes. Boyd (1990) cited 
several reviews on the chemical control of macrophytes and 
presented a summary of herbicide treatment rates for con¬ 
trolling common aquatic weeds. Herbicides should be used 
to eliminate aquatic vegetation so that plankton blooms 
can develop and prevent the re-growth of the underwa¬ 
ter plants. Unless a plankton bloom is encouraged through 
fertilisation, macrophytes will simply re-grow as soon as 
herbicide concentrations decline to non-toxic levels. When 
used according to recommendations given by the manu¬ 
facturers, herbicides are seldom directly toxic to aquatic 
animals, but the decay of plants killed by herbicides may 
lead to DO 2 depletion. Boyd (1990) recommended divid¬ 
ing ponds with extensive areas of macrophytes into two or 
more segments and killing the vegetation in the different 
segments at different times, thus preventing too much veg¬ 
etation decaying at one time and causing D0 2 depletion. 
Grass carp ( Ctenopharyngodon idella) are widely used as a 
biological weed control agent in freshwater prawn ponds 
for their ability to eat large quantities of aquatic macro¬ 
phytes. Aquatic microphytes can also be filtered by tilapias 
(Oreochromis spp.); Danaher et al. (2007) have shown that 
caged tilapia in prawn ponds, inter alia, improved water 
quality. Polyculture is discussed in detail in Chapter 11. 

13.3.4 Phytoplankton control 

Phytoplankton control methods can be divided into four 
categories: algicides, nutrient manipulations, polyculture 
with plankton-feeding fish, and the use of macrophytes. 
A variety of algicides can be used in ponds, but only 
three of them, copper sulphate (CuS 04 - 5 H 2 0 ), simazine 
(2-chloro-4,6-bis (ethyl-amino)-s-triazine) and potassium 
ricinoleate, have been studied extensively. 

Copper inhibits both respiration and photosynthesis in 
algae, and its toxicity is regulated by the alkalinity and pH 
of the water. Copper sulphate is more toxic to algae in soft, 
acidic water than in alkaline water, suggesting that cupric 
ion is the toxic form of copper (Boyd 1990), and some algal 


species are more susceptible to copper sulphate than others. 
Kleinholz (1990) proposed a practical way of calculating the 
dose of copper sulphate to kill blue-green algae in catfish 
ponds: 

Copper sulphate (mg/L) 

= total alkalinity (mg/L as CaCO 3 )/100 

Several techniques have been used to apply copper sul¬ 
phate to ponds. It can be dissolved in water and sprayed 
or splashed over the water surface; placed in burlap bags to 
dissolve while towed behind a boat, or held in cloth bags 
suspended in ponds so that it is gradually dissolved into the 
water. A study performed by Liao & Guo (1990) with juve¬ 
niles of M. rosenbergii showed that copper sulphate is toxic 
above 0.39 mg/L. According to Boyd (1990), application 
rates in ponds have varied from 0.025 to 2 mg/L, depending 
on water pH and alkalinity, but methods for determining 
the best dosage are still to be determined. This author also 
stated that the concentrations of copper sulphate used for 
phytoplankton control are seldom directly toxic to fish, but 
they do kill large numbers of invertebrate prawn food or¬ 
ganisms, such as rotifers, cladocerans and copepods. As 
prawns are also invertebrates, caution in the use of this 
compound in prawn grow-out is therefore recommended. 

Simazine is a powerful photosynthesis inhibitor that is 
extremely toxic to phytoplankton but non-toxic to aquatic 
animals at the treatment rates used for algal control. How¬ 
ever, no specific information is available on its effect on 
freshwater prawns, so caution in its use is suggested. Selec¬ 
tive control of blue-green algae is reported with a single or 
dual treatment at rates of 0.50 and 0.25 mg/L, respectively. 
Studies by Boyd (1990) showed that D0 2 concentrations 
usually began to decline about 3 days after treatment, and 
problems with low D0 2 prohibit the use of simazine except 
in mechanically aerated ponds. 

Its manufacturers have claimed that an algicide con¬ 
taining the active ingredient potassium ricinoleate selec¬ 
tively inhibits the growth of blue-green algae, improves 
water quality and eliminates the off-flavour problem in fish 
and crustaceans. However, research has not confirmed that 
potassium ricinoleate is effective (Boyd & Tucker 1998). 
Likewise, Boyd (1990) cited claims that blue-green algae 
may be controlled with probiotics, but research findings to 
substantiate these claims are lacking. 

Polyculture with plankton-feeding fish is considered as 
a method of phytoplankton control in freshwater prawn 
farming. Fish may be regarded as ‘sanitary agents’ and are 
used for this purpose by many farmers. However, grazing 
by plankton-feeding fish may also stimulate phytoplankton 
production. According to Smith (1988), biological control 
is the most ecologically sound method for regulating phyto¬ 
plankton abundance in aquaculture ponds. However, this 



Grow-out Systems - Water Quality and Soil Management 


253 


worker found that plankton-feeding fish usually failed to 
control phytoplankton effectively, so further research in this 
area is required. According to Boyd (1990) there has been 
some interest in the possibility of cultivating certain species 
of aquatic plants in eutrophic aquatic systems to remove 
inorganic nutrients and limit phytoplankton growth. One 
example is the water hyacinth ( Eichhornia crassipes) con¬ 
fined to 10 to 25% of surfaces in nutrient-enriched ponds, 
which directly competed with phytoplankton for nutrients 
and light. 

Water exchange, to flush nutrients and phytoplankton 
from ponds, has been the most widely used water quality 
management tool in freshwater prawn ponds. In some M. 
rosenbergii farms, a daily water exchange rate of 5 to 10% 
per day is employed. However, according to Boyd (1990), 
the most effective way to conduct water exchange is to first 
discharge pond water and then to introduce replacement 
water. If new water is added while the pond water is being 
discharged, up to 50% of the discharged water will be new 
water. This can reduce the efficiency of water exchange 
in removing nutrients and phytoplankton. There is also a 
negative aspect of water exchange, in that it may cause the 
pollution of the water bodies into which discharge occurs. 

Nutrient manipulation, using substances to precipitate 
phosphorus and limit growth, is a possible way of control¬ 
ling phytoplankton. Alum (aluminium sulphate) has been 
used to precipitate phosphorus in eutrophic waters, and 
gypsum (calcium sulphate) in soft waters. Also, a high ni- 
trogemphosphorus ratio is thought to enhance the propor¬ 
tion of green algae to blue-green algae. A high-quality feed 
should be employed so that maximum amounts of organic 
matter and inorganic nutrients from the feed will be assim¬ 
ilated by prawns and sanitary fish. Overfeeding should be 
avoided by controlling feeding rates at reasonable levels to 
encourage good water quality. 


13.4 Environmental issues 

Much concern over the possible negative environmental 
and social effects of aquaculture has been expressed in re¬ 
cent years (Naylor et al. 1998, 2000; New 2003). The ma¬ 
jor issues have related to wetland destruction, water pollu¬ 
tion, soil and water salinisation, excessive use of fishmeal 
and fish oil in aquafeeds, lethal predator control, negative 
impacts on biodiversity and excessive use of freshwater. 
These concerns have been directed primarily at the farming 
of salmon, marine shrimp, tilapia and a few other major 
species. Freshwater prawn culture has not been the focus of 
widespread controversy and is not expected to be. Never¬ 
theless, freshwater prawn farmers should strive to operate 
farms in an environmentally and socially responsible man¬ 
ner. Pillay (2004) provides a discussion of aquaculture and 


the environment. A thorough treatment of aquaculture best 
management practices (BMPs) maybe found in Tucker and 
Hargreaves (2008). The topic of the sustainability of fresh¬ 
water prawn culture is discussed in Chapter 24. 
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Plate 2 (a) Sexual dimorphism in M. rosenbergii. Key: blue claw (BC) male (top); unripe berried female (middle); ripe 
berried female (bottom). (Source: the late Takuji Fujimura, Hawaii.) (b) Berried females of M. rosenbergii. Key: unripe 
orange eggs (top); ripe grey/black eggs (bottom). (Source: the late Takuji Fujimura, Hawaii.) 



Plate 3 The three male morphotypes of M. rosenbergii. (Source: Assaf Barki, Israel.) 






















Plate 4 Harvesting freshwater prawns in Thailand in the 1970s. Key: pulling the seine towards the pond bank 
(b); the final harvest (c); the happy farmer (a). (Source: Michael New, England.) 
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Plate 5 By 2009 freshwater prawn farming in India had become very popular and successful. Keys: (a) an organic 
freshwater prawn nursery in Allaphuza, Kerala with its owner Dinesh Kumar; (b) a bag of organic freshwater prawn 
feed; (c) organically raised juveniles of M. rosenbergii from the Dinesh farm in Kerala; (d) cages holding freshwater 
prawns harvested from the Kole lands of Kerala; (e) male freshwater prawn from the Malampuzha Dam; (f) iced head- 
on male freshwater prawns (, M. rosenbergii ) from India; (g) iced head-off freshwater prawns ( M. rosenbergii) from 
India. (Source: K.R. Salin, India.) 
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Plate 6 Freshwater prawn farming in 2008 in Kentucky, USA. (a) Prawns being harvested for pond bank sales at Tim 
Buck’s farm; (b) orange claw male at pond bank sales; (c) larval prawns at the Thoroughbred Shrimp Hatchery, Bald 
Knob; (d) blue claw male at harvest, Bald Knob; (e) harvested prawns on ice; (f) freshwater prawns being rinsed after 
harvest, Paris; (g) harvesting prawns from a catch basin, Paris. (Source; Charles Weibel, USA.) 












(C) (d) 

Plate 7 The use of grading and substrates in freshwater prawn farming in the USA. (a) Substrates being used in 
freshwater prawn nursery; (b) grading juveniles in a nursery; (c) substrates shown in drained grow-out pond; (d) 
substrates shown in a partially drained grow-out pond. (Source: Michael Frinsko, USA.) 





















Plate 8 Two of the editors of our book enjoy tasting harvested freshwater prawns by a pond side in Brazil in the 1990s. 
Note: Wagner Cotroni Valenti is in the blue and red striped shirt in the left-hand photos; Michael New is shown in the 
right-hand picture. (Source: Michael New, England.) 
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Intensive prawn farming is characterised by the confine¬ 
ment and husbandry of the population in artificially con¬ 
structed production systems, such as hatchery tanks and 
grow-out ponds. Various biotic or abiotic factors within 
intensive systems challenge the health of cultured popula¬ 
tions and failure to control them usually leads to feeble or 
even disastrous production results. 

Diseases constitute an increasingly serious health prob¬ 
lem in aquaculture. With increased cross border movement 
of farmed species and intensification of aquaculture, dis¬ 
eases spread easily and rapidly, leading to grave economic 
losses during epizootics. For example, a virus borne disease 
in the freshwater prawn Macrobrachium rosenbergii, called 
the ‘white tail disease’, ‘whitish disease’ or ‘white muscle 
disease’, has seriously affected its commercial production 
in almost all of the countries where it is farmed. Consider¬ 
ing its economic impact and potential to spread, white tail 
disease (WTD) has been included in the FAO/NACA/OIE 
regional quarterly aquatic animal disease reporting list 
(Mohan 2005). 

Bacterial and fungal diseases can also adversely affect 
production. Water quality parameters (see other chapters 
of this book, especially Chapter 13) appear to play a very 
important role in maintaining the health and occurrence 
of diseases in freshwater prawn culture (Pillai et al. 2005; 
Sahoo etal. 2005). Apart from the obvious negative impact 
that diseases may pose to prawn production, some diseases 
compromise marketability of the final product by render¬ 
ing poor flesh quality (muscular necrosis) or undesirable 
aesthetic changes (black spot or heavy fouling by epibionts). 

Early diagnosis and prevention is of utmost importance 
in the management of diseases, especially that of viral ae¬ 
tiology, because effective treatments are not yet available. 
Accordingly, many recent contributions to the literature 
have focused on the development of sensitive and rapid 
molecular diagnostic tools for detection of WTD. Before 
describing the specific diseases and other problems that 
have been found to affect freshwater prawns (section 14.5), 


relevant information on health and defence mechanisms 
(section 14.1), diagnosis (section 14.2), prophylaxis (sec¬ 
tion 14.3) and therapeutics (section 14.5) are reviewed in 
this chapter. 


14.1 Health and defence 

14.1.1 Healthy and diseased animals 

Though people say ‘poor health’ or ‘good health’, health 
is not scalar; it is just normal. In prawn culture systems, 
normal, healthy populations grow, develop and reproduce 
according to expectations. That is, they express good per¬ 
formance. Healthy prawns possess a good structural in¬ 
tegrity, as shown by appropriate colour and a robust body 
(‘condition’). They exhibit a vigorous tactile response and 
meet various environmental challenges with stamina. Scalar 
states of disturbed function and disease are found between 
the non-scalar states of health and death. In typical con¬ 
ditions, the usual homeostatic qualities of animals support 
a healthy state. Even when external or internal conditions 
sometimes depart sharply from normal, numerous com¬ 
pensatory mechanisms may be available to restore normal 
function without a significant cost. One or more of the 
mechanisms become functional when the animal encoun¬ 
ters an internal foreign substance, a potential pathogen, a 
toxicant, a toxin, an inadequacy of a vital life substance, an 
environmental extreme, a sudden environmental change, 
minor wounding or the need to restore any of a variety 
of deranged capabilities. Thus, an unusual movement of 
prawns towards the pond bank may only be a manifesta¬ 
tion of normal physiological compensation and one that 
requires no significant cost. Similarly, the presence of heal¬ 
ing wounds or infection does not always equate to a state of 
disease (at least at organism level and above). 

There is, of course, a limit to compensatory mecha¬ 
nisms. As conditions exceed the capacity for compensation. 
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breakdown begins (Boyd 1988). Breakdown unfolds more 
or less quickly causing the animal to reach some stage within 
a continuum of disturbed function, disease and death. Be¬ 
yond this limit, recoveries require repair at significant cost 
and some may not escape permanent disability. In addition 
to greater vulnerability to present or emerging challenges, 
animals forced into costly repair assume a disease state and 
are no longer healthy. 

With this paradigm of healthy and diseased animals in 
mind, it is helpful to recognise that the adaptive qualities of 
animals are not fixed. The history of an individual and stock 
may make it more or less able to compensate to prevail¬ 
ing conditions. For example, successive endurance of mild 
diurnal changes in dissolved oxygen (DO 2 ) may increase 
stock tolerance to suppressed oxygen conditions beyond 
the average, due to adaptive enhancement of its compen¬ 
satory mechanisms. Important basic differences in adaptive 
potential occur according to species, developmental stage, 
size, genotype, maturation stage and other status. 

Dynamic qualities of growing systems, which result from 
design, management systems and ambient conditions, de¬ 
termine the probability of many disease conditions. Thus, 
certain infectious diseases are more apt to express in one 
form of grow-out system than in another. For example, 
yeast infections occur mainly in winter in Taiwan (Hsu & 
Liu 1994). Liu et al. (1996) found that an infectious yeast 
caused either no or much less mortality to M. rosenbergii 
at 30°C than at 15 or 20°C when injected with a suspen¬ 
sion of the yeast. Another example is given in the trials of 
Withyachumnarnkul etal. (1990), which indicated that sur¬ 
vival and growth of juvenile M. rosenbergii is better when 
prawns are grown in continual darkness instead of light- 
dark cycles. 

Some aquatic animal pathogens appear sufficiently viru¬ 
lent to cause disease even in well-managed growing systems. 
Other pathogens are incidental or typically ubiquitous in 
growing systems but only under opportune circumstances 
are they capable of causing serious host pathology. Such 
potential pathogens are often seen and expected in prawn 
culture (Lalitha & Surendran 2004; Al’Harbi & Uddin 2004; 
Kennedy etal. 2006). Care must be exercised to control these 
opportunistic pathogens such as vibrios, chitinoclastic bac¬ 
teria, filamentous bacteria, fungi or protozoans. 

Understanding a disease is one of the key factors for estab¬ 
lishing a successful disease management programme. Suc¬ 
cessful management involves understanding the pathogen, 
the host and the environment (Mohan 2005). A customary 
way of explaining the establishment and further develop¬ 
ment of infectious diseases, particularly those caused by 
opportunistic pathogens, is the relationship amongst three 
interactive factors: a susceptible host, a pathogen exposure, 
and a proper environmental condition that would more 
or less favour host susceptibility or pathogen virulence 


(Snieszko 1973; Pauley 1975). An interaction where each 
factor does not contribute to additional vulnerability may 
bring stability to the interaction and disfavour the develop¬ 
ment of disease. Conversely, a greater or disproportionate 
interference in the stability by one or more factors may 
favour the occurrence of disease. For instance, pathogens 
may become more virulent, environmental conditions may 
become more stressful and, due to the lessening of resis¬ 
tance, host susceptibility to diseases may increase. In such 
cases, the full development of pathogenesis is likely to take 
place with serious impact on the host population. 

14.1.2 Defence mechanisms 

The crustacean haemolymph, or blood, is essentially sterile 
and is composed of circulating haemocytes and a fluid por¬ 
tion or plasma. The importance of the haemolymph - par¬ 
ticularly the plasma - in gas, nutrient and metabolic waste 
transportation is well known. Haemocytes and plasma, 
however, together constitute a major framework associated 
with the clotting mechanism, wound repair, restoration of 
damaged tissue and defence response. 

The defence mechanisms shared by crustaceans and all 
other arthropods differ from those of the vertebrates in that 
there is no production of immunoglobulins. In all arthro¬ 
pods, humoral and cellular defence mechanisms involve 
the direct participation of the circulating haemocytes and 
dissolved factors in the plasma. Although the defence re¬ 
sponse in arthropods lacks the antigen-antibody specificity 
found in vertebrates, it nonetheless is efficient in recognis¬ 
ing the non-self and taking prompt actions to immobilise 
and eliminate invading organisms. 

The exoskeleton, or cuticle, represents a natural physical 
barrier to invading organisms. The crustacean cuticle cov¬ 
ers all exposed body surfaces and also provides the lining of 
the foregut and the hindgut. The portion that covers the 
gills lacks epicuticle, thus permitting interchanges and 
the portion lining the gut lacks the lipid outer layer to the 
epicuticle thus allowing permeability. The midgut mucosa, 
although not lined with cuticle, also represents a physical 
obstacle to the resident intestinal flora in the gut lumen. 

The structural integrity of these barriers, however, may 
be physically compromised by a myriad of injuries. Le¬ 
sions in the exoskeleton, for example, represent an open 
door for opportunistic and pathogenic organisms and pro¬ 
vide access to internal tissues and to the haemocoel cavities 
(Fig. 14.1 - A). Factors on the surfaces of invading micro¬ 
organisms or contained in their releases are recognised as 
non-self by pattern recognition proteins, which trigger an 
immediate defence response involving cellular and humoral 
factors (Soderhall & Thornqvist 1997). 

One possible route of defence is characterised by 
the clearance of small invaders through phagocytosis by 
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Fig. 14.1 Generalised representation of defence mechanism in decapod crustaceans. Note: see text (section 14.1.2) 
for explanation of steps A-J. Abbreviation of types of haemocytes: H = hyaline cells; SGH = semi-granular cells; 
GH = granular cells; PO = phenoloxidase; ppA = proPO-activating enzyme; proPO = prophenoloxidase; 76kDA = 
adhesion factor. (Modified from Johansson & Soderhall 1989, copyright 1989 with permission of Elsevier.) 
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haemocytes and fixed phagocytes (Fig. 14.1 - B). The 
phagocytic action of haemocytes is well documented and it 
has been demonstrated in vivo (White 8c Ratcliffe 1982; 
Smith et al. 1984) and in vitro in decapod crustaceans 
(Paterson 8c Stewart 1974; Smith 8c Ratcliffe 1978). Three 
types of phagocytes are found in M. rosenbergii: fusiform 
cells, large ovoid cells and small round cells (Sierra et al. 
2001; Chand et al. 2006; Sahoo et al. 2007). Unlike other 
crustaceans, the fusiform haemocytes are the most abun¬ 
dant. Clearance by phagocytosis is a very efficient mecha¬ 
nism, by which most invading or experimentally injected 
bacteria are eliminated from the haemolymph within a few 
minutes or hours (White 8c Ratcliffe 1982; Martin et al. 
1993; Sung et al. 1996), while some are confined to nodules 
or clumps of cells (Sung et al. 2000; Sahoo et al. 2007). Con¬ 
tradictory findings are reported about phagocytic cell types. 
Sung et al. (2000) found that hyaline cells were the primary 
phagocytes for the elimination of bacteria and that all cell 
types display at least some phagocytic activity. However, 
Vazquez et al. (1997a) reported large granular haemocytes 
to be the only cell that was phagocytic towards chicken ery¬ 
throcytes. Also, Sierra et al. (2001) and Sahoo et al. (2007) 
found that ovoid and small round haemocytes exhibited 
phagocytic activity. 

Another defensive route is performed by the activation of 
the proPO (prophenoloxidase) system, which involves a se¬ 
ries of cascade enzymatic reactions that culminates with the 
synthesis of melanin (Unestam 8c Soderhall 1977; Soderhall 
8c Unestam 1979; Soderhall 1981, 1982) (Fig. 14.1 - C). 
This defensive route is responsible for the immobilisation, 
nodule formation or encapsulation and melanisation of 
invading micro-organisms, metazoan parasites and for¬ 
eign particles that are too large to be phagocytosed by 
haemocytes. Exogenous elicitors, associated with the in¬ 
vaders themselves, initiate the proPO system reaction 
(Fig. 14.1 - D). Organic compounds in the cell wall of 
micro-organisms are known to induce and enhance a de¬ 
fence response. Some of these compounds have already 
been identified in the cell walls of Gram-negative bacte¬ 
ria (lipopolysaccharides or LPS) (Soderhall et al. 1986), 
of Gram-positive bacteria (peptidoglycans) (Johansson 8c 
Soderhall 1989), and of fungi and algae (|3-l,3-glucan car¬ 
bohydrates) (Unestam 8c Soderhall 1977; Smith 8c Soderhall 
1983; Ashida 8c Soderhall 1984; Smith et al. 1984). f5-1,3- 
glucans are readily recognised as non-self by the crustacean 
humoral and cellular defence system and it has been demon¬ 
strated that the presence of these polysaccharides enhances 
phagocytosis (Smith 8c Soderhall 1983). Trypsin has been 
experimentally demonstrated to elicit the activation and the 
enhancement of the phenoloxidase activity in M. rosenbergii 
(Sung et al. 1998). 

The recognition interface between the invading micro¬ 
organisms and the haemocytes is probably enhanced or 


intensified by the opsonic action of lectins in the plasma 
(Soderhall 8c Cerenius 1992). As clearly demonstrated by 
Sahoo et al. (2007), opsonic factors in the haemolymph of 
M. rosenbergii help in the rapid phagocytosis and elim¬ 
ination of bacteria from circulation. Lectins have been 
found in the haemolymph of some decapod crustaceans, 
including M. rosenbergii (Vasta et al. 1983; Vazquez et al. 
1997b; Zenteno et al. 2000; Acharya et al. 2004), penaeid 
shrimp (Ratanapo 8c Chulavatanpol 1992; Vargas-Albores 
et al. 1993; Perazzolo 8c Barracco 1997) and lobsters (Imai 
et al. 1994). The action of lectins varies, depending on the 
presence of divalent cations and the sugar residues present 
on different cell surfaces. Many differences in the molec¬ 
ular structure can be observed between related species. In 
general, the only characteristic common to all invertebrate 
lectins is their ability to interact with saccharide residues 
(Acharya et al. 2004). 

The semi-granular haemocytes are probably the first line 
of defence to respond against invading organisms by releas¬ 
ing (exocytosis) in the plasma a serine protease (ppA, the 
proPO-activating enzyme), an adhesion factor glycoprotein 
(76kDa) and the pro-enzyme prophenoloxidase (proPO, 
the inactivated form of the enzyme phenoloxidase, or PO) 
(Fig. 14.1 - E). According to the recent classification of 
M. rosenbergii haemocytes, the large ovoid haemocytes and 
undifferentiated round haemocytes might be carrying out 
the functions of the proPO system, similar to the semi gran¬ 
ular and granular haemocytes in other crustaceans (Sierra 
et al. 2001). In the presence of the elicitors in the cell wall 
of the micro-organisms, the ppA and the adhesion factor 
become active. The activation of proPO into PO is me¬ 
diated by the active form of ppA (Aspan et al. 1990a). 
The PO is responsible for the oxidative reaction of phenols 
into quinones which, in turn, are non-enzymatically poly¬ 
merised in melanin (Johansson 8c Soderhall 1989). This 
dark-coloured pigment acts as a fungicide (Soderhall 8c 
Ajaxon 1982) and its formation is frequently associated 
with inflammatory processes in crustaceans (Lightner 8c 
Redman 1977). 

The adhesion factor, 76kDa, mediates the aggregation 
and adhesion of haemocytes in the formation of nodules 
(Fig. 14.1 -H) and capsules (Fig. 14.1-1) that will promote 
the immobilisation and/or isolation of invading organ¬ 
isms (Johansson 8c Soderhall 1988; Kobayashi et al. 1990). 
Melanisation of injured tissues or lesions (Fig. 14.1 - J) 
is important during the process of tissue restoration. The 
adhesion factor also promotes exocytosis of the granular 
haemocytes (Fig. 14.1 - F) (Johansson 8c Soderhall 1989), 
resulting in the release of an additional load of proPO, 
ppA and 76kDa in the plasma, thus amplifying the defence 
response (Fig. 14.1 - G). The proPO system possesses a 
self-regulating mechanism, represented by inhibitors in the 
plasma that inhibit ppA activity (Aspan et al. 1990b). 
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It has also been demonstrated that the PO-system activity 
requires the presence of divalent cations (Ca 2+ and Mg 2+ ) 
and is temperature-dependent (Smith & Soderhall 1983; 
Sung etal. 1998). The PO activity may also vary in decapod 
crustaceans. Sung et al. (1998) reported that PO activity at 
37°C was 2.7 times higher in M. rosenhergii as compared to 
Penaeus monodon. 

Circulating haemocytes act as a stress indicator, but their 
number varies non-specifically according to the natural 
rhythms of the environment, chemical and physicochem¬ 
ical stress (Vazquez et al. 1997a). Higher total haemocyte 
count (THC) may provide an enhanced capability during 
periods of higher activity or increased environmental bac¬ 
terial loads when the risk of injury or infection is greater 
(Lorenzon 1999). Thus, a low THC indicates a higher sus¬ 
ceptibility to infectious diseases. In the presence of foreign 
material, Cheng & Chen (2001) observed an increase in 
THC of M. rosenhergii initially, then a significant decrease, 
and followed finally by recovery to the initial value. These 
authors attributed the initial increase to the mobilisation 
of the reserve pool of sessile haemocytes. The subsequent 
decrease in the amount of haemocytes that phagocytose 
foreign particles in circulation occurs when they migrate to 
specific body organs (e.g. gills, gut and hepatopancreas) and 
form nodules. They also suggested that the decrease may 
also be attributed to repairing the wound caused by injec¬ 
tion. The ultimate recovery of THC may be accomplished 
by an increase in the proliferation of circulating haemo¬ 
cytes. However, no major alteration was observed in M. 
rosenhergii injected with bacteria by Sahoo etal. (2007), in 
spite of the formation of a large number of haemocytic nod¬ 
ules in various tissues. These authors concluded that during 
entry of a foreign body, the peripheral haemocyte popula¬ 
tion is being maintained at an optimum level by one of the 
following means: increased haemopoesis or mobilisation of 
haemocytes from a sessile pool or rapid multiplication of 
haemocytes, either in the circulation or in the tissues at the 
place of bacterial settlement. 

Haemocytes also support the clotting of crustacean 
blood. When normal quantities are present in the circu¬ 
lating blood, clotting is sufficiently rapid to contain the loss 
of blood into the liquid environment when wounds and 
lesions occur. 

Necrotic and encapsulated tissues in gill (Doughtie & 
Rao 1983) and sub-cuticular spaces are removed, along with 
old cuticle, during moulting. This mechanism of removal 
may be both defensive and restorative. The caridean gill 
structure is quite different from that of penaeid shrimp 
and is less likely to show areas of necrosis in pond stocks 
(S.K. Johnson, general observation). Grooming or preening 
of body surfaces is thought to be responsible for control of 
some otherwise burdening epibionts (Bauer 1981; Jones & 
Lester 1993). 


Environmental variations induce changes in the immune 
status of crustaceans that are often immunosuppressive 
(Le Moullac & Haffner 2000). Dissolved oxygen, pH, tem¬ 
perature and salinity affect THC and phenoloxidase activity 
in M. rosenhergii. At low dissolved oxygen (2.75 mg/L), high 
pH (9.0-9.5), high temperature (33-34°C) and low salinity 
(0 p.p.t.), the THC and phenoloxidase activity of juvenile M. 
rosenhergii were minimum, making them more vulnerable 
to Enterococcus bacterium (Cheng & Chen 2000; Cheng etal. 
2002a). High THC and phenoloxidase activity of M. rosen¬ 
hergii reared at optimum water parameters are likely to 
confer better resistance to invading pathogens. Among the 
nitrogenous compounds, high levels of ammonia and ni¬ 
trite reduce the quality of culture water. Ambient ammo¬ 
nia adversely affects immuno competence of M. rosenhergii 
and increases susceptibility to Lactococcus garvieae. The in¬ 
creased susceptibility is related to the significant decrease in 
phenoloxidase activity (Cheng & Chen 2002). Cheng et al. 
(2002b) found that nitrite-N at 1.68 mg/L compromised the 
immune response and increased mortality of M. rosenhergii 
infected with Lactococcus garvieae. Phagocytic activity and 
clearance efficiency decreased, while respiratory burst in¬ 
creased. Superoxide anion is generated at levels considered 
cytotoxic to the host. 


14.2 Diagnosis 

14.2.1 Recognition and diagnosis 

A diagnosis represents the best attempt to encompass all the 
facts in describing the true nature of a problem. This means 
that a consideration of the state of the culture system in 
terms of its present condition and immediate history should 
augment diagnostic information concerning the culture an¬ 
imal and its population. Knowledge of common agents and 
how the diseases they cause initiate, develop and enlarge is 
quite helpful in the analysis and synthesis of the problem. 
Given a narrow time frame and the necessary limitation to 
our capabilities for analysis, we usually comprehend only in 
part the complexity of conditions or variables that predis¬ 
pose or cause a disease condition. Nevertheless, the correct 
diagnosis of a disease is essential to the choice of proper 
and specific interventions that must be taken to resolve a 
disease problem. 

The ability to discern the normal condition from the 
abnormal is of vital importance in prawn pathobiology. 
A good knowledge of morphology, normal tissue struc¬ 
ture and the prawn’s general biology is necessary. The dis¬ 
cernment process also benefits from knowledge of ontoge¬ 
netic changes during the life span of prawns. For example, 
changes in feeding habits and general behaviour according 
to life stages (larvae, juveniles and adults), changes during 
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the moult cycle and changes in gonadal development and 
maturation. 

The occurrence of deviant conditions warns of the de¬ 
velopment of a disease event. These may manifest as gross 
signs (e.g. lethargy, unusual swimming behaviour of lar¬ 
vae and postlarvae (PL), changes in body colour, refusal to 
feed and exceptional mortality), or lesions at the tissue level 
which are observable by means of histopathological analy¬ 
sis. Though the presence of sudden mortality makes disease 
quite apparent, a variety of more subtle indications are also 
quite valuable in the early detection of disease. Individual 
diseased animals often exhibit characteristic manifestations 
and their populations may show conspicuous patterns of 
disease development. 

14.2.2 Diagnostic tools 

Early diagnosis is vital to avoid the full development of epi¬ 
zootics. Methods used in disease diagnosis must be able to 
provide reliable information which will lead to a correct 
identification of aetiological agents (Reddington & Light- 
ner 1994). Methods currently available for the diagnosis of 
prawn diseases provide vital information about causative 
agents. These methods range from the simple evaluation of 
gross signs to highly specific and sensitive methods which 
rely on molecular biological techniques. 

Conventional diagnostic tools include wet-mount prepa¬ 
rations, which are most commonly used on-farm, and histo¬ 
logical and microbiological examinations which are usually 
conducted in laboratories (Lightner 1996). The specific ap¬ 
plication of these techniques to freshwater prawn farming 
has been detailed by Bueno & Gastelu (1998). 

Molecular-level tests of diagnostic value have been devel¬ 
oped for the determination of important diseases in aqua¬ 
culture. These tests, which rely on the use of monoclonal 
antibodies and DNA probes and the amplification of target 
DNA by the polymerase reaction (PCR), give very sensi¬ 
tive results in the detection of specific agents. Immunoas¬ 
say methods which include monoclonal antibodies have 
a strong potential for pathogen determination in prawn 
culture. Sandwich enzyme linked immunosorbent assay 
(S-ELISA) was one of the first diagnostic tests to be devel¬ 
oped for detection of M. rosenbergii nodavirus (MrNV), one 
of the causative agents of WTD of M. rosenbergii (Romes- 
tand & Bonami 2003). Similarly, a triple antibody ELISA 
(TAS-ELISA), based on monoclonal antibodies against 
MrNV, was developed by Qian et al. (2006) as an effective 
technique for virus detection. Several DNA-based diagnos¬ 
tic tools, including reverse transcriptase PCR (RT-PCR), 
dot-blot hybridisation and in situ hybridisation, have been 
developed for detection of WTD (Sri Widada et al. 2003, 
2004). Yoganandan et al. (2005) developed a one-step mul¬ 
tiplex RT-PCR assay for simultaneous detection of MrNV 


and extra small virus (XSV) by a single tube. Recently, an¬ 
other rapid and sensitive diagnostic method, loop mediated 
isothermal amplification (LAMP), has been developed for 
WTD detection (Pillai etal. 2006). 

14.3 Prophylaxis 

14.3.1 Definition 

According to Bell (1992), prophylactic treatment means 
that a chemotherapeutant is routinely administered prior 
to clinical signs of a particular disease, namely where an 
anticipation of occurrence is often and best supported by 
historical records. The use of drugs (antibiotics) as a pre¬ 
ventative in crustacean hatcheries is widespread but their 
use in prawn grow-out systems is not only impractical but 
also poses the potential risk of development of antibiotic re¬ 
sistant bacteria (Sahul Hameed etal. 2003). Chemical com¬ 
pounds routinely used in prophylaxis include disinfectants 
and sanitisers (iodine, active chlorine) and herbicides (e.g. 
Treflan®, for Lagenidium treatment in hatchery tanks). The 
broader definition of prophylaxis encompasses other forms 
of water sanitation such as ozone, ultraviolet radiation, me¬ 
chanical filtration, dehydration and cleaning of equipment 
and exclusion of inoculum; these are husbandry practices 
that result in favourable system conditions and well-fed 
stock, and strategies that support the presence of disease- 
resistant stock. 

14.3.2 Husbandry dynamics 

The maintenance of good water quality in the hatchery is 
of utmost importance (Chapter 13). Feeding practices, ef¬ 
ficient transformation and removal of wastes, and general 
sanitation all contribute. Ozonation, chlorination and ra¬ 
diation with UV lighting efficiently reduce the quantity of 
pathogens in marine shrimp and freshwater prawn culture 
water (Danald et al. 1979; Daniels et al 1992). Removal of 
suspended particles by sand filtration or other means prior 
to the application of these methods improves effectiveness. 
Daniels et al. (1992) recommended that, before stocking 
a pre-cleaned tank with newly hatched prawn larvae, the 
aerated water medium should be sterilised with chlorine. 
Larvae are added later, after no residue of active chlorine 
is detected in the water. Providing culture conditions that 
avoid a prolongation of the hatchery cycle usually reduces 
the possibility of disease occurrence. 

14.3.3 Sanitation 

To be successful, all growing units, especially hatcheries, 
must be thoroughly cleaned and disinfected before a new 
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production cycle is initiated. The importance of thorough 
cleaning to the effectiveness of subsequent sanitation steps 
can hardly be over-emphasised. Assuming that sanitary 
efforts have brought about a complete disinfection of 
pathogens rather than their suppression, only strict avoid¬ 
ance measures that complement further sanitary practice 
will prevent the re-introduction of the pathogen. This im¬ 
plies that all personnel in all production areas must observe 
hygienic control so that efforts will not prove futile. The 
prevention of introductions and subsequent transmissions 
of undesirable pathogens, via berried females, eggs, larvae 
and larval food (decapsulation oiArtemia), is accomplished 
by various methods that are described in the literature 
(Aquacop 1983; Sorgeloos et al. 1983; Daniels et al. 1992; 
Brock 1993; New 1995). The use of antibacterials and an¬ 
tibiotics to suppress the bacterial flora of water and animal 
surfaces is a common practice in crustacean hatcheries. 
Presumably, there is also some degree of intake and absorp¬ 
tion into the animals. This practice presents some risks (see 
section 14.4.2). 

14.3.4 Quarantine facilities 

The possibility of introducing pathogens into geographi¬ 
cal areas without a history of their occurrence has been 
a concern and major problem for aquaculture generally. 
Domestic and international trading in M. rosenbergii PL 
and broodstock is commonplace and frequently carried 
out without any previous examination of the population 
for clinical diseases and without sanitary certification. Al¬ 
though M. rosenbergii farming has been practised for many 
years in several countries that are out of the natural range 
of the species, it should not be forgotten that this prawn is 
an exotic species in those areas and therefore poses some 
environmental risk. 

Quarantine facilities have an important role in the safety 
of species introductions. During quarantine, animals re¬ 
main under constant observation for the detection of any 
gross signs that would indicate the presence of disease, and 
samples are periodically taken for analysis by different di¬ 
agnostic methods. These observations may be supported 
by enhancement procedures that subject the captive pop¬ 
ulation to optimised stressful conditions, thereby lower¬ 
ing prawn resistance and consequently permitting disease 
expression by otherwise ‘hidden’ agents (Bell & Lightner 
1992). Once it has been reasonably established that no 
diseases of major concern are present, the confined pop¬ 
ulation may then be transported to the final destination. 
Quarantine is also practised to prevent the introduction 
and transmission of diseases at the farm level in a variety 
of ways, including the provision of special tanks or rearing 
systems that are temporarily or permanently dedicated for 
quarantine purposes. 


14.4 Therapeutic treatment 

14.4.1 Chemotherapy 

In contrast to prophylactic treatments where applications 
are part of the management routine, chemotherapeutic 
treatments should only be applied when an accurate di¬ 
agnosis of the disease is available (Bell 1992). Chemother¬ 
apy is thus a strategy that responds to an emergent disease 
situation following its diagnosis. If applied soon enough, 
chemotherapy can sometimes minimise mortality. Use of 
chemotherapy is often impractical due to the delay required 
to reliably determine the presence of a causative agent. In 
comparison to the prophylactic treatments that are often 
practised in crustacean hatcheries, corrective treatments 
are less likely to contribute to the risk of inducing disease 
resistance. 

Chemotherapy in prawn farms is performed at the popu¬ 
lation level, except in the specific case of broodstock (berried 
females), which may be individually treated in small con¬ 
tainers after their transfer from ponds (or capture fish¬ 
eries) to indoor holding tanks. Static immersion in treat¬ 
ment baths is usually preferable for drug delivery in tanks. 
Though expensive, pond populations can be treated with 
drugs via oral delivery through the use of medicated feeds. 

14.4.2 Risks and legal responsibilities 

The use of antibiotics and antimicrobial drugs is widespread 
in aquaculture; prawn farming is no exception. Many coun¬ 
tries have no regulatory processes for aquaculture drugs and 
therefore substances of use lack approvals or other controls. 
Nevertheless, managers of shrimp and prawn enterprises 
frequently feel that they have no choice but to use a gener¬ 
alised assortment of drugs to avoid great production losses 
(Bell 1992). 

A specific major concern is that drug contamination may 
occur in the food products of crustacean culture. Many 
countries are addressing the risk to humans by developing 
and implementing plans which follow the Hazard Analy¬ 
sis and Critical Control Point (HACCP) concept. An ex¬ 
cellent synopsis of methodologies for shrimp farming is 
given in Suwanrangsi et al. (1997). Another risk that has 
the attention of regulators is the usually undetermined in¬ 
fluence of culture system discharges (effluents) on adjacent 
environments. 

The indiscriminate or inadvertent use of antibiotics poses 
the possibility of the development of resistant bacterial 
strains, which would present an immediate problem for 
prawn hatcheries and farms. This practice also introduces 
an undefined human risk because most of the drugs are also 
used in human medicine. In some countries most drug ap¬ 
plications are forbidden or strictly controlled. For example. 
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chloramphenicol is subject to extreme regulation in the 
USA, and veterinary and medical practitioners there may 
possess only small amounts in stock. Whilst chlorampheni¬ 
col is effective against a broad spectrum of bacteria, it is 
very effective against typhoid fever in humans and the de¬ 
velopment of resistance can be, and is, a worldwide medical 
problem. In addition, human uses must consider the tox¬ 
icity of chloramphenicol, which causes aplastic anaemia, 
a bone marrow condition that may become irreversible 
(Merck 1992). 

14.4.3 System restoration 

Many interventions that maintain and restore a healthy sys¬ 
tem, all of which would positively influence a culture stock, 
are described in other chapters of this book. For example, in 
the case of an apparent disease event in hatcheries, imme¬ 
diate consideration should be given to inputs. Replacement 
of hatchery tank water, either at an enhanced rate or with 
another appropriate supply, provides a new environment 
to some extent. Food may also be changed or replaced. The 
complete drying of equipment, along with adequate clean¬ 
ing and the use of disinfectants between larval cycles, usually 
improves production and controls disease incidence. To a 
certain extent, similar restorative efforts may also improve 
pond production. 


14.5 Diseases 

This section presents, for some important diseases reported 
for M. rosenbergii , a brief description, preventive measures, 
and prophylactic and therapeutic treatments. Information 
on applications and dosages for several drugs presented in 
this section were taken from various reports and scientific 
papers and do not imply any product endorsement or rec¬ 
ommended use by the authors of this chapter. Additional 
information on these and other less important prawn dis¬ 
eases are available in review papers (Johnson 1982; New 
1990; Tonguthai 1992; Brock 1993; New 1995; Bueno & 
Castelu 1998; Mohan 2005). 

14.5.1 Infectious and parasitic diseases 

14.5.1.1 Viral diseases 

A Macrobrachium hepatopancreatic parvo-like virus 
(MHPV) causes disease in M. rosenbergii but has not been 
associated with important prawn morbidity or mortality 
(Anderson et al. 1990a), and apparently represents no ma¬ 
jor concern to prawn farmers. The definitive diagnosis of 
MHPV requires the histological demonstration of a char¬ 
acteristic inclusion body within the hypertrophied nucleus 


of the affected cells of the hepatopancreas epithelia. These 
cytopathological characteristics resemble those observed 
in hepatopancreatic parvovirus (HPV) infection, which 
causes a similar viral disease of penaeid shrimp (Light- 
ner & Redman 1985; Lightner 1988a; Roubal et al. 1989). 
MHPV of M. rosenbergii , however, is distinguished from 
shrimp HPV by an in situ hybridisation test for genomic 
HPV that shows no positive reaction with MHPV prepara¬ 
tions (Lightner 1996). 

Another parvo-like virus, tentatively named Macro¬ 
brachium muscle virus (MMV) has been reported from 
southern Taiwan (Tung et al. 1999). The virus infects mus¬ 
cle tissue only, and infected tissue becomes opaque with 
progressive necrosis. Basophilic inclusion bodies are seen 
in the cytoplasm of striated muscle cells. Outbreaks occur 
within 10 days of transfer of PL to outdoor ponds, where 
mortality may exceed 50% within 2 weeks. 

A new virus borne disease, widely known as WTD, or 
white muscle disease (WMD) was first observed in Guade¬ 
loupe in the French West Indies in hatchery reared M. rosen- 
bergii in 1994(Arcieref«i. 1999). These authors mention the 
occurrence of similar gross clinical signs and histopatholog- 
ical changes in samples collected from Puerto Rico during 
1990 to 1992, suggesting that the disease could have been 
present in the Caribbean region for several years before it 
was recognised in Guadeloupe. In fact, the clinical signs and 
histopathological changes due to infection by MMV (Tung 
et al. 1999) are identical to those observed for WTD. The 
disease has since been reported in Martinique (J. Bonami, 
pers. comm. 1999), China (Qian et al. 2003), India (Sahul 
Hameed et al. 2004a; Vijayan et al. 2005) and Thailand 
(Yoganandhan et al. 2006). The clinical signs of WTD in¬ 
clude opaqueness or whitish appearance of muscles, partic¬ 
ularly in the tail region, lethargy, and degeneration of the 
telson and uropods. Mortalities may reach up to 100% in 
hatcheries and nursery ponds within 4 days (Sahul Hameed 
et al. 2004a). Despite the presence of the virus, those prawns 
that grow to adult size appear to recover from infection and 
grow well without any signs of muscle opaqueness or mor¬ 
tality (Tripathy et al. 2006; Sudhakaran et al. 2007a). 

The causative organisms of WTD have been identified 
as MrNV and XSV. MrNV is a small, icosahedral, non- 
enveloped virus of 26 to 27 nm in diameter, identified in 
the cytoplasm of connective tissue cells. The genome is 
formed by two linear single-stranded positive sense RNA 
segments, RNA1 of 2.9 kb, which encodes the viral part of 
the RNA-dependent RNA polymerase (RdRp), and RNA2 of 
1.26 kb, which encodes the capsid protein of 43 kDa. These 
characteristics of the virus and the genome sequence suggest 
that the virus belongs to the family of Nodaviridae (Bonami 
etal. 2005). XSV is a virus like particle, icosahedral in shape, 
15 nm in diameter, with a linear single stranded positive 
sense RNA of 0.9 kb, coding for two polypeptides of 16 and 
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17 kDa in the capsid (Sri Widada & Bonami 2004, Bonami 
et al. 2005). Gene encoding enzymes required for replication 
are absent in XSV; therefore, it needs an RNA polymerase 
from another source. Since this latter enzyme cannot be 
provided by the host cell, implication of another virus is 
unavoidable. It is suggested that XSV may be a satellite 
virus, while MrNV may play the role of a helper virus (Sri 
Widada & Bonami 2004). The relationship between these 
two viruses in infected prawns has been studied by real time 
PCR (Zhang eta/. 2006). 

Histopathological changes in PL affected by WTD are 
characterised predominantly by pale to darkly basophilic, 
often reticulated, cytoplasmic inclusions in the muscle cells. 
RNA-DNA in situ hybridisation using infected PL to study 
the virus localisation in tissue clearly showed that MrNV 
infection was confined to the striated muscle tissue of the 
abdomen, cephalothorax and appendages (Sri Widada etal. 
2003; Sri Widada et al. 2005). Hepatopancreas and gills 
remain unaffected. In the muscle tissue, virus localisation 
was restricted to muscle fibres; nuclei and blood cells were 
uninfected. 

Analysis of the nucleotide sequence of MrNV isolated 
in India showed 98% nucleotide and 99% amino acid se¬ 
quence identity with the isolate from West Indies (Shekhar 
et al. 2006). The two isolates are probably very closely re¬ 
lated, if not the same. Tripathy et al. (2006) also reported 
only very slight variation in the MrNV capsid protein gene 
sequence of Indian isolates with the published GenBank® 
sequence and no difference in the deduced amino acid se¬ 
quence. However, for XSV a marked variation was found 
in the capsid gene sequence of Indian isolates when com¬ 
pared to published GenBank® sequences (Tripathy et al. 
2006). Nucleotide sequence analysis of XSV identified in 
the Taiwan isolate revealed 98 and 97% identity with XSV 
isolated from China and India, respectively. The deduced 
amino acid sequences of the XSV partial genome showed 
strong homology with isolates from China and India. Phy¬ 
logenetic analysis suggested that XSV-Taiwan isolate was 
more closely related to the Chinese rather than the Indian 
isolates (Wang et al. 2007). In a similar study, Sudhakaran 
et al. (2008a) found the Indian isolate to be more closely 
related to Taiwanese and Chinese isolates than to French 
and Thai isolates. This led these authors to suggest that the 
possible origin of WTD in India was through the import of 
prawn seed from Taiwan and China. 

Horizontal and vertical transmission of the two viruses 
(MrNV and XSV) have been studied experimentally. When 
healthy adult prawns and PL were experimentally infected 
with these viruses, 100% PL mortality occurred while adults 
remained unaffected. The presence of these viruses in ovar¬ 
ian tissue indicated the possibility of vertical transmission 
(Sahul Hameed et al. 2004b). In studies by Sudhakaran 
et al. 2007a, prawn broodstock were inoculated with MrNV 


and XSV by oral or immersion challenge (Sudhakaran et al. 
2007a) but they survived without any clinical signs of WTD. 
However, survival of inoculated larvae gradually decreased 
and 100% mortality was eventually observed at the post- 
larval stage, thereby confirming vertical transmission of the 
viruses. A study that investigated the susceptibility of three 
species of marine shrimp Fenneropenaeus indicus, Marsu- 
penaeus japonicus and Penaeus monodon to WTD showed 
that they were not susceptible to MrNV and XSV. How¬ 
ever, re-inoculation studies with inoculum prepared using 
these marine shrimp caused 100% mortality in PL of M. 
rosenbergii, suggesting that marine shrimp may serve as a 
reservoir for these viruses (Sudhakaran etal. 2006a). Studies 
also showed that Artemia could be a possible vector for hor¬ 
izontal transmission of MrNV and XSV to PL (Sudhakaran 
et al. 2006b). In vitro replication of MrNV and XSV was 
successfully achieved in the C6/36 mosquito cell line (Sud¬ 
hakaran et al. 2007b). This led the authors to screen aquatic 
insects from nursery ponds stocked with M. rosenbergii for 
the presence of the two viruses (Sudhakaran et al. 2008b). 
The results indicated that many of the aquatic insects may 
serve as potential natural carriers of these viruses. 

A member of the white spot virus complex, white 
spot syndrome baculovirus (WSBV), is known to infect 
M. rosenbergii and cause disease manifestations (Lo et al. 
1996; Nunan et al. 1998; Peng et al. 1998). The articu¬ 
lar epidermis, stomach, gills and hepatopancreas constitute 
target tissues of WSBV infection in Macrobrachium sp., as 
detected by in situ hybridisation (Chang et al. 1998). In 
Taiwan, Wang et al. (1998) used Penaeus monodon tissue 
that was infected with WSBV as a food challenge to several 
decapods. Results suggested a relative non-susceptibility of 
the young Macrobrachium sp. used in the study. In exper¬ 
imental studies by Rajendran et al. (1999), a white spot 
syndrome virus (WSSV) obtained from P. monodon from 
the southeast coast of India was used to challenge M. rosen¬ 
bergii and several other crustaceans. Challenge by viral in¬ 
jection and feeding with infected tissue resulted in 100% 
survival and no clinical symptoms for up to 70 days. These 
animals, however, could be used to infect susceptible P. 
monodon , suggesting the possible role of carrier or reser¬ 
voir. In a similar study, Sahul Hameed et al. (2000) used 
a viral inoculum obtained from P. monodon with WSSV 
to test the relative susceptibility of two penaeid and three 
freshwater prawn species. All species tested had significant 
mortality except M. rosenbergii , even when the latter was 
given multiple injections of increasing dosage. In a study 
of the susceptibility of different life stages of M. rosenbergii 
to WSSV, a high percentage of mortality and an increased 
rate of cannibalism in experimentally infected PL and juve¬ 
niles was observed (Pramod Kiran et al. 2002). Sub-adults 
and adults were found to be more tolerant to WSSV. The 
larvae obtained from experimentally infected broodstock 
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also tested WSSV positive, confirming vertical transmis¬ 
sion of the virus. Though not fully established as important 
in prawn culture, white spot is a very serious disease in 
penaeid shrimp in Asia. 

Freshwater prawns (M. rosenbergii ) experimentally in¬ 
fected with yellow head virus (YHV), which has long 
plagued the farming of the marine shrimp P enaeus mon- 
odon and has been known to experimentally infect other 
penaeids, appeared to resist the infection and to eliminate 
YHV efficiently (Longyant et al. 2005). 

Recently, two new virus infections were discovered in 
PL and adult giant freshwater prawns collected from farms 
in Petchaburi province, in the central region of Thailand 
(Laisutisan et al. 2008). Both viruses occurred in nursery- 
reared PL without any clinical signs in the same facility. The 
first virus identified by transmission electron microscopy 
(TEM) of the hepatopancreas (HP) of diseased prawns 
showed baculovirus-like particles of280 to 300 nm in diam¬ 
eter. Histopathological studies of infected shrimp showed 
eosinophilic intranuclear inclusions that completely filled 
the nucleus of the HP tubular epithelium. The second virus 
was also found in the HP of infected prawns. TEMs of 
this type of virus revealed parvovirus-like particles of 22 
to 24 nm in diameter. Histopathology of infected tissues 
showed eosinophilic intranuclear inclusions that partially 
filled the nucleus. Analysis of PL and 120-day-old prawns 
indicated that the infection rate of these two viruses did not 
increase during the culture period 

14.5.1.2 Bacterial diseases 

Common bacterial diseases of M. rosenbergii express as cu- 
ticular or systemic infections. The bacterial genera impli¬ 
cated in reports are also known to be present as part of 
the normal gut microflora (Colorni 1985), as well as in 
the water column and tank walls of commercial hatcheries 
(Anderson et al. 1989). These bacteria, however, are also 
opportunistic and may become pathogenic when adverse 
rearing conditions are present. Little has been done to sin¬ 
gle out important bacterial species as consistent problems 
in prawns and more research is required to properly docu¬ 
ment the pathogenesis of the diseases they cause. 

Black spot (brown spot, shell disease) affects all life 
stages of M. rosenbergii. The presence of one to several 
focal melanised lesions on the general body surface is the 
most distinct gross sign (Fig. 14.2). Mechanical damage 
predisposes the disease by providing a portal of entry for 
infection by opportunistic bacteria. The chitinolytic action 
of certain bacteria is thought to support their greater vir¬ 
ulence (Delves-Broughton & Poupard 1976; Chan 1979). 
The erosion thus produced in some lesions further exposes 
the epithelial layer and connective tissue underneath. The 
typical dark colour of such lesions is due to local formation 



Fig. 14.2 Common sites of melanisation and necrosis. 
Note: common sites are around the gill bailer base, the 
tissue lining inside of the carapace adjacent to the gills 
(dark line), anywhere on the surface where weak points 
occur on the cuticle (black dotting) and, in tank systems, 
especially appendage tips, wounds and impact points 
such as the dorsum of the tail (not shown). 


and deposition of melanin. In composite, this is a conse¬ 
quence of inflammation, the activation of the proPO system 
defence response against the invading bacteria (and to other 
secondary pathogens like the fungus Fusarium) and tissue 
restoration. Gram-negative bacteria within the genera Vib¬ 
rio , Pseudomonas and Aeromonas are frequently associated 
with and isolated from black spot lesions (El-Gamal et al. 
1986; Hipolito et al. 1996). 

If the black spot lesions are confined to the exoskeleton, 
the problem may simply disappear with the next moult. 
Although all life stages of M. rosenbergii are susceptible to 
black spot, the characteristic lesions are more frequently ob¬ 
served in juveniles and adults (Brock 1993) than in larvae, 
which moult more frequently. On occasions of further pro¬ 
gression of this syndrome, bacteria may reach the haemo- 
coel via deep lesions and spread throughout the body. 

Development of black spot is frequently associated with 
poor husbandry, overcrowded conditions and poor san¬ 
itation (Hipolito et al. 1996). Preventive measures should 
therefore be focused on the maintenance of optimum water 
quality, adequate feeding, adequate larval and adult stock¬ 
ing densities and careful handling (Brock 1993). El-Gamal 
et al. (1986) reported that prophylactic treatment of black 
spot includes the use of an immersion bath with lOmg/L 
oxolinic acid for 1 hour. Oxolinic acid is a synthetic an¬ 
timicrobial agent (a quinolone) with a wide spectrum of 
activity against Gram-negative bacteria (Alderman 1988). 
Daniels et al. (1992) found that oxolinic acid was useful in 
suppressing bacterial problems in research tanks without 
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the suppression of nitrifying bacteria that are important for 
biological filtration efficiency. 

Nifurpirinol (commercial name: Furanace or 
Prefuran®), has been used as a potential chemothera- 
peutant for treating bacterial diseases, such as black spot. 
The use of an immersion bath with 2.0mg/L Furanace 
for up to 96 hours has been suggested for the treatment 
of black spot in Macrobrachium acanthurus (Martinez 
et al. 1982). Exposure to concentrations as high as 2.0 
or 2.5mg/L causes no deleterious effect on adults of M. 
rosenbergii (Delves-Broughton 1974) and M. acanthurus 
(Martinez etal. 1982), whilst a much lower concentration is 
efficacious in inhibiting the growth of some opportunistic 
bacteria (Delves-Broughton & Poupard 1976). However, 
Brock (1993) recommended that this syndrome should not 
be treated with chemicals. 

Bacterial necrosis, as described by Aquacop (1977) and Le 
Bitoux (1988), is similar to black spot in terms of gross signs 
but is associated with the larval phase only (more serious at 
stages IV and V) and involves the necrosis and melanisation 
of whole body appendages. Other gross signs of the disease 
are an empty gut and the bluish colour of affected larvae 
(Aquacop 1977). An association of the disease with the 
presence of Pseudomonas and the filamentous bacteria Leu- 
cothrixhas been suggested (Bueno & Gastelu 1998). Devel¬ 
opment of bacterial necrosis is rapid (Le Bitoux 1988) and, 
if untreated, can be responsible for great larval losses within 
a few days. Onset has been linked to a decrease in larval re¬ 
sistance that follows sudden changes in water temperature 
and larval manipulation; thus any preventive measures need 
to be aimed towards the control of these stress-inducing 
factors. Reports of treatment with chemotherapeutants in¬ 
clude the use of nifurpirinol in variable concentrations ac¬ 
cording to various authors (Aquacop 1977; Brock 1983; Le 
Bitoux 1988; Bueno & Gastelu 1998); 0.65 to 1.0 mg/L ery¬ 
thromycin; 2 mg/L penicillin-streptomycin (Aquacop 1977; 
Le Bitoux 1988); and 1.5 mg/L chloramphenicol (Bueno & 
Gastelu 1998). 

Bacterial involvement may be secondary (rather than a 
direct cause) in the cases of necrotic appendages of Mac¬ 
robrachium larvae and may be associated in some way to 
similar manifestations that are seen in other larval disease 
syndromes. Brock (1993) made this point by citing experi¬ 
ences in Hawaii and Malaysia. 

Bueno & Gastelu (1998) reported a systemic infection 
of M. rosenbergii larvae by a luminescent Vibrio species 
in Brazil. The vibriosis causes a characteristic glowing ap¬ 
pearance of moribund and dead larvae. Such infections 
are known to occur widely in penaeid hatcheries. The lu¬ 
minescent bacterium Vibrio harveyi has been isolated from 
affected Macrobrachium larvae (Tonguthai 1992,1997). Lu¬ 
minous bacteria isolated from penaeid shrimp in Indone¬ 
sia were virulent to Fenneropenaeus indicus but much less 
virulent and unable to cause significant mortalities in Mac¬ 


robrachium larvae (Prayitno & Latchford 1995). Tonguthai 
(1997) associated high prevalence of luminescent bacteria 
in waters surrounding hatcheries in Thailand, with a high 
prevalence of luminescent bacterial disease in hatcheries. 
It is likely that the luminescent character of some bacteria 
makes them more recognisable when systemic bacterial in¬ 
fections occur. This would suggest that systemic infections 
in hatcheries by non-luminescent bacteria may be more 
prevalent than is commonly realised. Vibriosis can cause 
great losses of larvae in hatcheries. According to Oanh et al. 
(2001), four species ofVibrio ( Vibrio cholerae, V. alginolyti- 
cus, V. carchariae and V. mimicus) isolated from prawn larval 
rearing tanks were found to be associated with vibriosis in 
M. rosenbergii larvae. Exposure to these bacteria caused sig¬ 
nificant mortalities in larvae and PL within 48 hours. Weak 
and moribund larvae became opaque white and exhibited 
intermittent and very weak swimming movements. Densely 
packed motile bacteria were observed in the haemocoel. 
Preventive measures similar to those mentioned for black 
spot and bacterial necrosis have been recommended. Bueno 
& Gastelu (1998) suggested a water treatment with 2.0 mg/L 
chloramphenicol and 2.0 mg/L furazolidone for 5 to 7 days, 
once vibriosis is diagnosed. Treatment of water with chlo¬ 
rine (20-30 mg/L) or formalin is also suggested to be effec¬ 
tive (Mohan 2005). 

Gram-positive bacteria infect crustaceans less commonly 
than Gram-negative. A systemic infection by the Gram¬ 
positive bacteria Mycobacterium was diagnosed in a brood- 
stock female kept in captivity for more than 7 years (Brock 
et al. 1986). Cheng & Chen (1998a) reported isolation of 
an Enterococcus- like bacterium from the musculature of 
M. rosenbergii in Taiwan. Such isolates are common in the 
warm season. Infected prawns show necrosis of tissues in 
the hepatopancreas and musculature. The pathology begins 
in the head and advances towards the tail, giving the animal 
an opaque appearance. Experimental challenge of healthy 
prawns by injection of the bacterium and subsequent ex¬ 
posure to environmental conditions showed that infection 
is exacerbated by high pH (8.8-9.5) and temperature (33- 
34° C). Low salinity (5 and lOp.p.t.) appeared to have a 
favourable effect upon survival (Cheng & Chen 1998b). The 
causative bacterium was identified as Lactococcus garvieae 
by polymerase chain reaction and 16S rDNA sequencing 
(Chen et al. 2001). In a study of opaque muscle disease in 
M. rosenbergii in China, a pathogenic strain of Staphylococ¬ 
cus xylosus was isolated from diseased PL (Guocheng et al. 
2002 ). 

14.5.1.3 Rickettsial disease 

Rickettsial disease has been implicated in the so-called 
‘white postlarval disease’ syndrome which seriously affected 
postlarval production in Puerto Rico in the early 1990s and 
demanded a complete clean-up of hatcheries to eradicate 
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the problem (Lacroix etal. 1994). In Brazil, a rickettsia has 
also been linked to high mortalities (up to 95%) of lar¬ 
val stages IV and V that also showed distinct atrophy of 
the hepatopancreas (Da Silva et al. 1989). The use of the 
antibiotic oxytetracycline (lOmg/L) and the antibacterial 
furazolidone (10 mg/L) together as prophylactic measure is 
said to be helpful (Da Silva etal. 1989). Canuto e Silva etal. 
(1989) also reported the prophylactic use of lime (CaO) 
in Macrobrachium hatcheries prior to stocking larvae in 
hatchery tanks. 

Considering the frequency with which rickettsias are now 
being reported in crustaceans, it is apparent that rickettsial 
diseases are potentially more important than was once un¬ 
derstood. Previous histopathologists may have often over¬ 
looked the presence of rickettsias, due to their small size and 
the lack of staining contrast that they show in preparations 
for routine histology. 

14.5.1.4 Fungal infections 

Fungal infection by the phycomycete Lagenidium in M. 
rosenbergii hatcheries has been responsible for the decima¬ 
tion of larval populations in less than 24 hours (Gomes et al. 

1988) . The infection can be readily diagnosed by the obser¬ 
vation of an extensive mycelial network visible through the 
exoskeleton of moribund and dead larvae (Fig. 14.3). Sev¬ 
eral chemical drugs have been tested as prophylactic treat¬ 
ments of Lagenidium (Lightner 1988b). Perhaps the most 
widespread compound still in use in penaeid and Macro¬ 
brachium hatcheries is the herbicide trifluralin (Treflan®, 
DowElanco) (Armstrong etal. 1976; Lightner 1988c; Bueno 

1989) . Maintaining concentrations of 10 to 100 p.p.b. in the 
larval tanks is said to be an effective control for Lagenidium 
in penaeid hatcheries (Lightner 1988c). The use of a 2% 
solution of tincture of Merthiolate® (20 mg/L active ingre¬ 
dient) has also been reported to inhibit Lagenidium growth 
effectively (Colorni 1985). 

Similar to opportunistic bacteria, the imperfect fungus 
Fusarium solani takes advantage of openings provided by 
mechanical trauma of the cuticle (Burns et al. 1979) or 
damage associated with idiopathic muscle necrosis. An in¬ 
tensive defence response (activation of the proPO system) 
culminates with a strong melanisation of the affected area. 
Demonstration of typical canoe-shaped macroconidia in 
wet mounts or histological preparations is important for 
the correct diagnosis of the Fusarium infection (Lightner 
1988b). Saprolegnia (Chien 1976) and other fungal genera 
may also invade injured prawns. 

Heavy mortalities of M. rosenbergii in Taiwanese grow- 
out ponds in the early 1990s were associated with in¬ 
fections caused by the yeasts Debaryomyces hansenii and 
Metschnikowia bicuspidata (Chen 1995; Sung et al. 1998). 
Affected tissues included the gills, muscle, hepatopancreas 
and haemocytes (Chen 1995). The yellowish, bluish or 



Fig. 14.3 Hyphae of Lagenidium filling body spaces of 
a larva. 


greyish colour of the musculature, and a reduced resis¬ 
tance to the effects of stressful conditions, are indicative of 
diseased animals. The occurrence of the disease has been 
associated with the accumulation of organic matter in the 
pond bottom and eutrophication in grow-out ponds (Chen 
1995) and, perhaps more importantly, water temperatures 
lower than that optimal for the species (Hsu & Liu 1994). 
Therefore, possible preventive measures are careful pond 
preparation (removal of organic load from the bottom), 
not overfeeding, management practices (water exchange, 
circulation and aeration) that provide better water condi¬ 
tions, and careful attention to temperature levels. 

An extensive sampling of isolates in Taiwan has helped 
to remove confusion about the identity of prawn-infecting 
yeasts (Lu et al. 1997, 1998). Candida spp. represented the 
greatest number of isolates and Candida sake I and II were 
the most common (two-thirds of isolates). Candida sakewas 
found to be the most common in water and sediments in 
prawn ponds. A yeast infection that principally occurs in the 
cool season, with symptoms including a yellow exoskeleton. 
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a swollen hepatopancreas, milky haemolymph and opaque 
and whitish muscles, has been reported in Taiwan (Cheng 
& Chen 1998a). 

14.5.1.5 Metazoal parasites 

Reports of metazoan parasites in cultured M. rosenbergii 
are rare. Most reports concern the occurrence of parasitic 
isopods and trematode worms in natural populations of 
other Macrobrachium species. 

Macrobrachium spp. are definitive hosts for the bopy- 
rid isopod Probopyrus (Truesdale & Mermilliod 1977; 
Ordinetz-Collart 1990; Roman-Contreras 1993). The 
asymmetrically shaped female bopyrid is found attached 
to the branchiostegite wall within the gill chamber, and 
feeds on the host haemolymph by perforating the prawn 
integument with the aid of the mandibles. The symmetric 
free-living dwarf males are found associated with the para¬ 
sitic female. The presence of the parasite in the gill chamber 
usually induces a visible swelling and discoloration on the 
branchiostegite (Truesdale & Mermilliod 1977). Reported 
effects of bopyrid parasitism on the host are castration (in¬ 
terruption of vitellogenesis) in female prawns and morpho¬ 
logical alteration of secondary sexual characters in male 
prawns (Beck 1980; Schuldt & Rodrlgues-Capitulo 1985; 
Ordinetz-Collart 1990). 

Freshwater prawns may serve as intermediate hosts for 
digenetic microphallid trematode worms. Encysted metac- 
ercaria have been reported in the body musculature of 
M. ohione (Bridgman 1969; Heard & Overstreet 1983) 
and M. australiensis (Shimazu & Pearson 1991). Nash 
(1989) reported trematode parasitism in M. rosenbergii 
musculature and described the formation of a haemocytic 
capsule surrounding the parasite as a result of the host de¬ 
fence response. Velasquez (1980) reported the occurrence 
of mammals and humans infected by a macrophallid of 
Macrobrachium sp. in the Philippines. Microphallid metac- 
ercariae were found in M. rosenbergii collected from an 
estuary in India (Jayasree et al. 2001). The corallanid 
isopod Tachaea spongiilicola was found on Macrobrachium 
nobilii, M. lamarrei and M. malcolmsonii in southern India 
(Mariappan et al. 2003), but the percentage of occurrence 
was low. Soh et al. (1964) reported that in Korea, in 
addition to the usual freshwater crab host, Macrobrachium 
nipponense may act as a host for the Asian lung fluke, 
Paragonimus westermani. In a 4-year study wherein 7000 
individual M. nipponense were examined from an area 
endemic for the fluke, no lung flukes were found, in 
comparison to 62% prevalence in freshwater crabs from 
the same location. Because the Korean study found only 
0.14% infections in the prawns, Lu & Huang (1971) 
concluded that the results indicated an unimportant role 
for prawn transmission of the lung fluke. 


14.5.2 Non-infectious diseases 

The following section deals with fouling and environ¬ 
mental diseases. Nutritional inadequacies and imbalances 
are discussed in Chapter 12 (see also section 14.5.3.2), 
while the influence of various toxicants are presented in 
Chapter 13. 

14.5.2.1 Fouling by epibionts 

The general body surface of the prawn can serve as a sub¬ 
strate for epibionts, such as filamentous bacteria, single or 
colonial protozoans and filamentous algae. These organ¬ 
isms are non-invasive and their presence on the cuticle 
surface does not trigger the activation of the proPO system, 
unless a localised mechanical trauma is also present. Shed¬ 
ding of the exoskeleton during ecdysis temporarily frees the 
prawn from these fouling micro-organisms. Large animals 
and blue claw males, which moult less often, are frequently 
seen with excessive burdens of epibionts. 

The presence of epibionts, nonetheless, can be delete¬ 
rious. Fouling by various micro-organisms can provoke 
natatory and feeding impairments during the larval and 
postlarval phases. Heavy infestation on the gills by ciliate 
protozoans or filamentous bacteria can significantly reduce 
the efficiency of gas exchange, and may cause death in juve¬ 
nile or adult prawns by ‘suffocation’, even when D0 2 levels 
are not critical. 

Heavy infestation of filamentous algae over the body 
surface of animals reared in clear ponds, or protozoans 
and miscellaneous microbes in other rearing systems, may 
also diminish the market value of prawns by rendering an 
aesthetically unfavourable appearance to the product. In¬ 
festation by filamentous algae has been observed in grow- 
out ponds with high transparency (>40 cm). Heavy fouling 
by the chlorophyte Oedogonium and the cyanophyte Lyng- 
bya can cause lethargic behaviour in M. rosenbergii (Smith 
et al. 1979). Maintenance of adequate water transparency in 
the ponds diminishes light penetration and alleviates algal 
fouling. 

The most common protozoans found in Macro¬ 
brachium culture are the peritrichous ciliates Zootham- 
nium, Epistylis, Vorticella, Opercidaria, Vaginicola, Cothur- 
nia and Lagenophrys, and the suctorians Acineta, Podophrya, 
Tokophrya and Ephelota (Johnson 1982; Camacho & Chin¬ 
chilla 1989a). These epibionts have also been reported from 
a natural population of M. rosenbergii from an estuary in 
India (Jayasree etal. 2001). An illustrated key to the epibiont 
ciliates of decapod crustaceans can be found in Camacho 8t 
Chinchilla (1989b). 

Protozoan epibionts are epicommensals, filtering or cap¬ 
turing their food from the surroundings. Therefore, it is 
no surprise that they are commonly found in association 
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with the feeding appendages and in the branchial chamber. 
In the branchial chamber, epibionts (the colonial filamen¬ 
tous bacteria Leucothrix included) take advantage of the 
protective shelter provided by the lateral folds of the cara¬ 
pace which cover the gills (the branchiostegites), as well as 
the constant water movement in the gill chamber which 
is induced by the scaphogantite, or gill blade. This water 
movement constantly provides suspended food particles as 
well as oxygen to the epibionts. 

Considering the feeding habits of epibiont protozoans, 
the occurrence of a heavy infestation is, thus, a good indica¬ 
tion of high levels of organic matter in the water (Johnson 
1982). Preventive measures should therefore include feed¬ 
ing adjustment or increased water replacement in larval 
tanks or grow-out ponds. 

Chemical treatments suggested for the control of 
epibiont protozoans in small systems include the use of 
formalin, either as a 24-hour immersion bath with 40 to 
50mg/L formalin solution and constant aeration (Roegge 
et al. 1977) or 50 to 125 mg/L formalin for 12 hours (Brock 
1993), a 2% solution of tincture of Merthiolate® for 20 
minutes (Colorni 1985), and a 1-minute dip in 2.0p.p.t. 
acetic acid. Control of Leucothrix can be performed with 
chelated copper (algicide) solutions that provide copper at 
0.1 mg/L for 4 to 6 hours using an immersion bath tech¬ 
nique (Brock 1993). 

14.5.2.2 Environmental diseases 

As previously stated, sub-optimal water quality parame¬ 
ters adversely affect the immune system of crustaceans and 
hence may trigger disease outbreaks. 

M. rosenbergii specimens affected by idiopathic muscle 
necrosis (IMN) show a whitish colour in the striated muscle 
of the tail and appendages (Brock 1993). This discoloration 
results from the lysis of the muscle cells, which is followed 
by necrosis (Nash et al. 1987). At the chronic stage of the 
disease, the necrotic affected area may increase in size and 
acquire a reddish colour, similar to cooked shrimp, due to 
decomposition of the muscle tissue. Secondary pathogens 
(bacteria and the fungus Fusarium) have been found associ¬ 
ated with IMN. All M. rosenbergii life stages are susceptible 
to IMN. Prawns suffering from chronic IMN do not survive 
and mortality rates in culture populations are reported to 
vary from insignificant to 100% (Brock 1993). 

The development of the disease appears to be associ¬ 
ated with poor management. Idiopathic muscle necrosis 
has been observed in populations submitted to high stock¬ 
ing rates and handling stress, as well as to stressful envi¬ 
ronmental conditions, such as low DO 2 level, and salinity 
and temperature fluctuations (Tonguthai 1992; Brock 1993; 
New 1995). The obvious preventive measures are the appli¬ 
cation of good husbandry to avoid IMN-inducing stressors. 


Ultrastructural studies of the muscle tissues of M. rosen¬ 
bergii with white body disease showed obvious pathological 
changes in the mitochondria and sarcoplasmic reticulum 
with many small bubbles, indicating that the muscle cells 
are in a condition of oxygen deficient and Ca 2+ metabolic 
disorder (Kaihe et al. 2002). These authors suggest that 
this condition of the muscle cells might have resulted from 
deterioration of environment and culture conditions. 

A disease with unusual clinical signs has been reported 
in the Nellore district of Andhra Pradesh (India), where in¬ 
tense shrimp and prawn culture is conducted. Termed the 
appendage deformity syndrome (ADS) because of the phys¬ 
ical appearance of affected prawns, ADS-affected prawns 
exhibit a bent or deformed rostrum, cut antennae, a beaded 
or corrugated appearance of antennules prone to break¬ 
age, corrugated appearance of carapace and poor growth 
(Kumar et al. 2004; Sahoo et al. 2005). The disease appears 
approximately 1 to 2 months after the stocking of juveniles 
in the culture ponds. The disease is not contagious in nature, 
as confirmed from co-habitational studies. Carotenoid sup¬ 
plementation in the diet was found to significantly reduce 
ADS in prawns (Kumar et al. 2004). Branchiostegal blister 
disease (BBD), otherwise known as balloon disease (a term 
coined by farmers because of the characteristic swelling of 
the branchiostegal region of the prawn), has also been re¬ 
ported from the same region of India (Pillai et al. 2005). 
Clinical signs of diseased animals include a voluminous hy¬ 
pertrophy of some gill filaments and the inner area of the 
branchiostegite. Histological examination also showed hy¬ 
pertrophy of gill filaments, an ascites-like condition in the 
gill chamber, and the presence of spherical cyst-like struc¬ 
tures with no apparent cellular or nuclear material. The 
disease was suggested to be a result of sub-optimal water 
conditions. Sahoo et al. (2005) also speculated that water 
quality parameters that vary widely from those considered 
optimum for the culture of M. rosenbergii could be a pos¬ 
sible basis for ADS in prawns. These authors reported high 
levels of alkalinity, hardness and ammonia in the rearing 
water. Involvement of bacterial or viral agents was elimi¬ 
nated in both the studies on ADS cited (Kumar et al. 2004; 
Pillai et al. 2005). Although MrNV was isolated from one 
of several ADS-affected samples tested (Sahoo et al. 2005), 
it is unlikely to be the cause of ADS. 

14.5.3 Diseases and syndromes of undetermined 
aetiology 

14.5.3.1 Mid-cycle disease 

Mid-cycle disease (MCD) is an important disease in M. 
rosenbergii hatcheries. Although the implication of many 
pathogens, toxic compounds or pesticides have been sug¬ 
gested, a precise cause remains unknown. 
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The name MCD derives from the developmental pattern 
of the disease once it establishes in the larval population. 
Characteristically, a heavy daily loss of larvae is more pro¬ 
nounced in the middle of the larval rearing period. This 
usually occurs by days 15 to 22 when zoea are at stage VI 
to VII (Akita et al. 1981; Brock 1993). An earlier ‘incu¬ 
bation period’ can be recognised, usually starting at day 
10 and lasting for 4 to 6 days (Akita et al. 1981). Gross 
signs displayed by MCD-afflicted larvae during the incu¬ 
bation period include lethargy, a spiralling swimming pat¬ 
tern, reduced growth rate and consumption oiArtetnia, and 
bluish-grey colour of the body (Akita et al. 1981). The mor¬ 
tality pattern, atrophy of the hepatopancreas and presence 
of bacterial masses (Gram-negative coccobacilli) in the gut 
lumen are indicative of MCD (Brock 1993). 

The occurrence of MCD has been reported in Hawaii 
(Akita et al. 1981; Brock 1983, 1993), Malaysia (Anderson 
et al. 1990b) and Brazil (Lombardi & Lobao 1989; Bueno & 
Gastelu 1998). Hatcheries that practise equipment cleaning, 
disinfection and dry-out between cycles and utilise good 
sanitary practice have minimal problems with MCD (Brock 
1993). Should an MCD epizootic demand a full clean-up, 
the complete destruction of the afflicted population and a 
thorough disinfection of the hatchery installation should 
be considered. Mid-cycle disease is probably a disease of 
multiple aetiology. 

14.5.3.2 Exuvia entrapment disease 

The exuvia entrapment disease (EED), which is also known 
as moult death syndrome (MDS) or metamorphosis moult 
mortality syndrome, is characterised by the entrapment of 
the larvae in the old exoskeleton (exuvia) during ecdysis. 
This primarily occurs late in the period of larval rearing, 
especially at the metamorphic moult to the postlarval stage 
(Brock 1993). Typically, the time of development to the 
postlarval stage is delayed in EED (Brock 1993). Affected 
larvae frequently show localised deformities due to the me¬ 
chanical pressure of the old cuticle on the newly formed 
one (Bueno & Gastelu 1998). Mortalities occur during un¬ 
successful attempts by larvae to shed the exuvia, and may 
reach 80% by the time of metamorphosis (Brock 1993). An 
exuviae entrapment-like disease has also been associated 
with mass mortality of M. malcolmsonii in hatchery tanks 
(Kanaujia et al. 1998). 

The cause of EED is not known and many hypotheses 
have been put forth. The idea of multiple causes is plausi¬ 
ble. Preventive strategies should include use of a new water 
supply of more suitable quality, and dietary enrichments 
(Brock 1993). Juvenile and adult prawns have also been ob¬ 
served to exhibit similar symptoms (M. New & W. Valenti, 
pers. comm. 2008) and the cause is thought to be primarily 
dietary. The moulting process creates severe physiological 


stress, and it is at this time that underlying problems reveal 
themselves. 

14.6 Final considerations 

Neglect and matters of economy impede expansion in our 
knowledge of prawn health. Currently, a limited number 
of observations and incidents comprise our general knowl¬ 
edge of freshwater prawn disease. Reluctantly or not we 
continue to freely apply concepts to prawn health that have 
limited empirical bases with the group. Knowledge of the 
stress phenomenon, for example, is little known for any 
crustacean group. Within the realm of health study, there 
are several areas that critically need attention: 

• Pathogenesis: As a recurring pattern of disease is recog¬ 
nised and given an adequate definition, it is essential that 
a reliable pathogenesis be developed. A concurrent estab¬ 
lishment of a correlative epidemiology can thus support 
meaningful management. 

• Resistance: M. rosenbergii is an excellent candidate for 
genetic improvement of cultured stocks. Through a care¬ 
fully controlled programme it should be possible to ob¬ 
tain specific pathogen resistant (SPR) stocks in a similar 
way as has already been done for penaeid shrimp (Bedier 
et al. 1998). The use of immunostimulants may have po¬ 
tential in prawn culture. Promising results have been ob¬ 
tained for the enhancement of non-specific disease resis¬ 
tance by using an immunostimulant with penaeid shrimp 
(Sung et al. 1996; Song etal. 1997). A better definition is 
required for the reasons why environmental factors over¬ 
whelm the compensation potential of prawns and thus 
predispose disease. Sufficient measures would allow pro¬ 
ducers to predict outcome according to different system 
types and animal developmental stage. 

• Quality of hatchery water. The effects on prawns of pa¬ 
rameters such as oxygen and nitrogen waste products 
in hatchery tank water is well known but the effects of 
the extracellular products (enzymes), which must cer¬ 
tainly be present in measurable quantities in such water, 
is relatively unknown. The use of probiotics and other 
microbial management measures have strong potential 
for improving hatchery yields. 

• Management tools and practices: Hatchery sterilisation 
(disinfection) strategies require much improvement. 
Hatchery fumigation and shock chlorination, for exam¬ 
ple, require a prolonged post-application venting that 
makes the facility an essentially open system. Produc¬ 
ers need to be equipped with a broader array of health 
products that provide standard methods of measure¬ 
ment for on-farm evaluations. Commercial availability 
of reliable, user-friendly products will assure widespread 
application. 
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• Training. Availability of training programmes in prawn 
health and diagnostic methods would greatly aid the de¬ 
velopment of prawn culture. On this point, the cross 
training of diagnosticians and producers would bring 
more rapid advances in competence, particularly among 
the former. Histopathologists, with sound knowledge 
on and experience with prawn diseases, are absent or 
rare in most countries where Macrobrachium farming is 
practised. 

It is certain that advances in nutrition, disease control 
and general system management will improve performance 
in freshwater prawn culture. Average survival percentage - 
so economically important in grow-out - would thereby 
continue to approach that found among other types of 
aquaculture. Fortunately, the considerable increase in the 
economic importance of crustacean aquaculture generally 
will be accompanied by an expansion in service and re¬ 
search laboratories, and in the numbers of people who are 
competent to generate, interpret and report data relevant 
to health management. 
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Genetic knowledge of freshwater prawns ( Macrobrachium 
rosenbergii and its congeners) lags behind land-based agri¬ 
culture animals and other aquaculture groups (Pullin et al. 
1998; Lymberly et al. 2000; Hulata 2001). Prawn culture 
began in the 1960s and unit/area production is levelling 
off; this is due to the exhaustion of management system 
improvement options that typically contribute to yield in¬ 
creases only during the first decades that an undomesticated 
species is under culture. Clearly, prawns themselves must 
now be genetically improved. Since the topic of genetics 
was reviewed by Karplus et al. (2000) an increased aware¬ 
ness of the potential to apply knowledge in the three key 
genetic areas has arisen, which are addressed in this chap¬ 
ter. The importance of two areas, population genetics and 
sex-reversal, is based on their use of state-of-the-art molec¬ 
ular technology that can lead to rapid commercial progress. 
The other area, genetic management of broodstock, which 
also interfaces with molecular techniques, is critically im¬ 
portant to ensure the sustainability of prawn broodstock as 
the commercial industry expands. 

The reader should note that this chapter is targeted at the 
general reader, especially producers and new entrants to the 
field, not at the genetic specialist. Those who wish to have a 
more extensive treatment of the topics contained here are 
encouraged to consult basic aquaculture genetic texts (Lutz 
2001; Tave 1993) as well as reviews of biotechnology tech¬ 
niques (Hedgecock & Malecha 1991; Liu & Cordes 2004) 
and other approaches (Allendorf et al. 1987; Allendorf & 
Waples 1996). 


15.1 Overview 

15.1.1 Population genetics 

The use of DNA marker technologies in aquaculture has in¬ 
creased dramatically in the last decade. The increased preci¬ 
sion of using DNA-based molecular markers to characterise 


intraspecific genetic variation in natural and commercial 
populations of M. rosenbergii has made this species one 
of the most widely studied aquaculture groups in this re¬ 
gard, and one that could rapidly benefit from the increased 
knowledge in this area. Population genetics is covered in 
section 15.2 of this chapter; this includes expanded infor¬ 
mation on intraspecific variation and hybridisation. 

15.1.2 Genetic management of broodstock 

As the prawn culture industry expanded recently, an in¬ 
creased number of unconfirmed reports from several coun¬ 
tries have highlighted significant declines in the productiv¬ 
ity of cultured freshwater prawn stocks (see Chapter 17, for 
example) that could be reversed by application of popula¬ 
tion genetic knowledge and practice in broodstock man¬ 
agement. These issues, and topics related to this important 
area, are reviewed in section 15.3, including heritability, 
inbreeding effects and domestication. 

15.1.3 Sex-reversal and monosex culture 

It is clear that a major limiting factor to expansion of 
M. rosenbergii culture is the growth pattern of this species, 
which leads to a high degree of production-limiting size 
variation between the sexes and among the male morpho- 
type sizes (Chapter 16). Rearing only one sex in monosex 
cultures could effectively manage this limitation. This topic 
is reviewed in section 15.4; this subject is by far the most 
developed in M. rosenbergii compared to that of other non¬ 
fish aquaculture groups. 

15.1.4 Other topics 

Advances have occurred in the use of Macrobrachium as an 
animal model in molecular DNA and RNA-based research, 
and several prawn gene systems and genetic cell processes 
have now been studied. These advances, however, do not 
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have immediate commercial application, so this topic 
is not formally reviewed in this chapter. Also, the Mac- 
robrachium genome has not been subjected to as much 
genomic analysis as that of other cultured crustacean 
groups (Alcivar-Warren et al. 1997) and the important 
area of marker assisted selection (MAS) has not yet been 
developed in prawns (Poompuang & Hallerman 1997); 
these areas are therefore also not reviewed here. 


15.2 Population genetics 

15.2.1 The role of population genetics in aquaculture 

This section reviews the major issues and relevant methods 
in the area of population genetic assessment of variation and 
what is known about genetic diversity in Macrobrachium 
species, with a focus on the major cultured species (M. 
rosenbergii). The review also includes a summary of back¬ 
ground and conceptual material relevant to the breeding of 
cultured aquatic species in sustainable aquaculture. 

The necessity for understanding and applying popula¬ 
tion genetics principles in aquaculture has been recognised 
for some time and has been addressed in detail in a num¬ 
ber of recent texts (Hallerman 2003). The incorporation of 
population genetic-based practices into breeding protocols 
has reached its highest level in the European Atlantic salmon 
and North American channel catfish industries (Allendorf 
et al. 1987). In contrast, other aquaculture industries lag 
behind. This condition will probably be reversed because 
aquaculture is the most viable option for satisfying the in¬ 
creasing market demand for aquatic food, and can also help 
to curtail the over-exploitation of declining wild fisheries 
for this purpose. 

The use of population genetics in cultured broodstock 
involves characterisation of genetic diversity in natural and 
commercial populations, preserving this variation and then 
incorporating it into, and maintaining it in, broodstocks at 
the levels essential for genetic improvement. Assaying ge¬ 
netic variation in polygenic loci associated with particular 
traits is important (see section 15.3.4); determining genetic 
variation at ‘neutral’ loci provides a surrogate measure for 
assessing genetic variation in the entire sum total of genetic 
material (genome) of the species that is available for use in 
broodstock improvement. These neutral loci are thought to 
have no adaptive value (neutral to natural selection) and to 
not change under the influence of natural selection. There¬ 
fore, they provide a better measurement of genetic variation 
than adaptive traits influenced by natural selection, such as 
allozymes. Moreover, maximising this kind of genetic vari¬ 
ation in broodstocks, while not affecting variation control¬ 
ling quantitative, polygenic loci-based on production traits 
directly, will indirectly lead to higher genetic diversity in 


quantitative trait loci that remain the resource for selection 
programmes. 

Historically, very little basic information about genetic 
diversity or inbreeding levels (see section 15.3.1) has been 
available for any farmed Macrobrachium species, primarily 
because most freshwater prawn culture has been practised 
in Asia where the application of molecular diversity re¬ 
search has been limited so far. Genetic markers can be used 
to characterise the spatial and temporal patterns of genetic 
diversity in aquatic species and identify the scale at which 
populations maybe structured. Knowledge of wild popula¬ 
tion structure, which can be highly structured in space and 
time, and conservation of wild stocks is important for aqua¬ 
culture because the degree of genetic differentiation among 
wild local populations ultimately represents the source of 
all genetic variation present that is available for cultured 
stock enhancement of a species. Also, the scale and pattern 
of population structure can determine how broodstocks 
should be sourced from the wild. For example, if wild pop¬ 
ulations are significantly divergent among locations, then 
separate broodstocks that represent this genetic variation 
may need to be established, and only local postlarvae (PL) 
or juveniles returned to their place of origin for grow-out 
or release. 

15.2.2 Intraspecific variation: early studies 

15.2.2.1 Morphometric and electrophorectic 

De Man (1879) initially recognised two forms of M. 
rosenbergii based on morphometric data. This observation 
was later supported by further morphological analysis by 
lohnson (1973). Morphological traits used in systematics, 
however, are known to vary with environment in some 
Macrobrachium species (Dimmock et al. 2004). M. rosen¬ 
bergii is found over a wide geographical range (Fig. 15.1). 
Malecha (1980) divided the species into three types based 
on colour patterns and morphological differences: a ‘West¬ 
ern’ type found in India, Sri Lanka, Burma (Myanmar), 
Thailand, Malaysia and Indonesia, an ‘Australian’ type 
found in Northern Australia, and a ‘Philippine’ type found 
in southern Taiwan, the Philippines and Palau in the Mi- 
cronesian Marshall Islands. Malecha (1980) described these 
as ‘ecotypes’ but they are more appropriately described as 
geographic ‘forms’ (as has been followed in this chapter) 
or as ‘clades’ (de Bruyn et al. 2004a; Chand et al. (2005). All 
of these authors used DNA markers (see section 15.2.4) to 
describe eastern and western clades of M. rosenbergii, cor¬ 
responding with the Western and non-Western forms de¬ 
scribed in Lindenfelser (1980, 1984). Malecha (1980, 1984) 
Hedgecockef al. (1979) and Stelmach (1980) used morpho¬ 
logical and electrophoretic markers (‘allozyme markers’; 
see section 15.2.4.1) and morphometric analyses. The 
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Fig. 15.1 Natural distribution of M. rosenbergii 
(shaded area). 

The approximate locations of the ‘Western’, 
‘Australian’ and ‘Philippine’ Eastern forms 
described by Malecha (1980). Dotted line 
refers to the origin of the Anuenue stock im¬ 
ported from Penang, Malaysia into Hawaii by 
Fujimura (Fujimura & Okamoto 1972; Malecha 
1977). Symbols describe source locations for 
animals obtained for three groups of studies 
reviewed in the text as follows: • (closed 
dot), intraspecific breeding (Malecha 1987) 
and stock analysis (Sarver et al. 1979; Mauro 
& Malecha 1984); □ (open square), elec¬ 
trophoretic data (Hedgecock et al. 1979; 
Stelmach 1980); <> (diamond), morphometric 
analysis (Lindenfelser 1980, 1984). The same 
location could be the source of animals for one 
or more studies as indicated by the inclusion 
of the individual symbols into one image. 



information regarding size variation discussed in Chapter 
16 applies to the most widely cultured form (Western). 

15.2.2.2 Intraspecific hybridization 

There appears to be little intraspecific reproductive (ge¬ 
netic) isolation ofM. rosei/fcergttthroughoutitsnaturalgeo- 
graphic range (Fig. 15.1). Table 15.1 summarises the results 
of a 10-year study that established stocks in Hawaii from 
parents collected from Thailand, Sri Lanka, New Guinea, 
Australia, Taiwan, Palau (Micronesia), Sarawak (Malaysia) 
and the Philippines. Individuals in these breeding stocks, 
representing geographic genomes from these locations, 
freely crossed among themselves and with individuals in 
the Anuenue stock established previously in Hawaii from 
Penang (Malaysia) importees. 

Despite the success of the matings described in Table 15.1, 
which suggest only limited reproductive barriers among 
the geographic areas represented, the results of the more 
precise analysis of genetic variation using mtDNA 16s data 
conducted by de Bruyn et al. (2004a), reviewed below, add 
significant weight to a recent call by Wowor & Ng (2007) for 
the Eastern and Western M. rosenbergii forms to be given 
unique taxonomic status; this would require a change to 
their taxonomic nomenclature (Chapter 2). 

At first glance, genetic divergence between the Eastern 
and Western forms of M. rosenbergii may cause one to ex¬ 
pect that hybrid vigour in the progeny would be a potential 
outcome from such a cross. However, precise molecular 
analysis of the slow evolving mtDNA 16s rRNA gene from 
these two forms (de Bruyn etal. 2004a,b) indicates that the 
degree of genetic divergence between them is estimated to 


be four times the average divergence between two ‘good’ 
species hybridised successfully by Fu et al. (2004). Thus, 
there is potential for ‘outbreeding depression’ (see section 
15.3.2) in the progeny hybrids derived from these M. rosen¬ 
bergii geographic forms. Thus, further assessment of the 
distribution of genetic variation of local populations of 
the Eastern and Western M. rosenbergii forms is required 
to assess the potential for obtaining hybrid vigour in cul¬ 
ture. Moreover, this assessment will help conserve the wild 
genetic diversity from which future genetic gains will ulti¬ 
mately be sourced. 

15.2.2.3 Other intraspecific variation 

There appears to be no major difference among the ge¬ 
ographic forms in size variation, although the Australian 
form has been observed to be more aggressive and evidences 
more pronounced skewness in its size distribution (Malecha 
etal. 1980). An early study by Dobkin&Bailey (1979) found 
evidence of improved growth in progeny from crosses of 
parents from Thailand and Malaysia. Gomez Diaz (1987) 
found no major differences in larval development among 
three Western stocks and their hybrids. However, Sarver 
et al. (1979) demonstrated differences in larval growth 
between the Australian and Anuenue (Western) forms. 
Mauro & Malecha (1984) found no difference among three 
stocks (Anuenue, Australian and Philippine, sensn Malecha, 
1980) of M. rosenbergii in haemocyanin oxygen affinity and 
the effects of hypoxia on oxygen consumption. This obser¬ 
vation suggests that the large differences between the Aus¬ 
tralian and other forms found by the detailed DNA marker 
analysis of de Bruyn et al. (2004a) do not appear to carry 
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Table 15.1 Intraspecific hybridisation among geographic populations of M. rosenbergii. 


Geographic 
origin of Dam 

Geographic 
origin of Sire 

Attempted 

matings 

Number of 
gravid females 

Number of 
hatched broods 

Number of clutches 
surviving to postlarvae (PL) 

ANUE 

ANUE 

959 

499 

460 

374 


AUST 

328 

190 

89 

105 


MAL 

16 

12 

3 

0 


PAL 

11 

8 

4 

11 


PHIL 

36 

20 

8 

27 


SAR 

21 

15 

7 

0 


SRI 

42 

28 

8 

21 


THAI 

8 

3 

3 

8 

AUST 

AUST 

216 

28 

60 

108 


PHIL 

58 

6 

10 

58 

MAL 

MAL 

116 

82 

50 

78 


ANUE 

3 

2 

2 

3 


SAR 

9 

7 

6 

6 

NG 

NG 

8 

1 

8 

0 

PAL 

PAL 

40 

30 

20 

6 

PHIL 

PHIL 

92 

29 

54 

29 


AUST 

21 

7 

16 

10 

SAR 

SAR 

130 

71 

69 

55 


ANUE 

4 

2 

4 

0 


MAL 

4 

3 

2.6 

4 

SRI 

SRI 

157 

22 

30 

157 


ANUE 

15 

7 

15 

15 


AUST 

9 

4 

5 

9 


PAL 

4 

1 

4 

4 

TAIW 

TAIW 

7 

2 

4 

7 


ANUE 

4 

4 

1 

4 


SRI 

14 

9 

11 

9 


ANUE = Anuenue stock, originally from Penang, Malaysia, named after the Anuenue Fisheries Research Center, Hawii 
(Fujimura 8t Okamoto 1972) 

AUST = northern Australia 
MAL = Penang, Malaysia 
PAL = Palau, Micronesia 
PHIL = central Philippines 
SRI = Sri Lanka 
THAI = central Thailand 
SAR = Sarawak, central Indonesia 
TAIW = Taiwan 
NG = New Guinea. 


over to differences in these physiological characteristics. 
Genetic theory can explain this discrepancy: highly adap¬ 
tive traits critical to a species survival, although genetically 
controlled, do not have much genetic variation associated 
with them. 

15.2.3 Interspecific hybridisation 

Successful crosses that produced viable offspring have been 
made between some Macrobrachium species. For example, 
Fu et al. (2004) crossed M. nipponense and M. hainanense 


and documented hatching rates of over 90% and survival 
of larval to postlarval stage of 20 to 60%. Other examples 
of successful interspecific hybridisation include M. rosen¬ 
bergii x M. malcolmsonii (Sankolli et al. 1982), M. aspe- 
rulum x M. shokitai (Shokita 1978) and M. formosense x 
M. nipponense (Uno 8t Fujita 1972). In other cases, in¬ 
terspecific hybridisation of Macrobrachium species has not 
been successful, although several attempts have been made 
Graziani et al. 2003; Sandifer & Smith 1979; Sandifer & 
Lynn 1980). The study of Graziani efuf. (2003) produced zy¬ 
gotes in hybrids between M. rosenbergii and M. carcinus, but 
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embryonic development did not progress beyond the gas- 
trula stage, indicating the existence of postzygotic repro¬ 
ductive isolation barriers between these species. 

15.2.4 Measuring intraspecific genetic variation 

15.2.4.1 Allozyme markers 

Initial measurements of intraspecifc genetic variation in 
freshwater prawns utilised electrophoretic analysis of al- 
lozymes that are molecular forms of an enzyme controlled 
by the alleles of the gene that control the enzyme. Full 
details of this technique are found in Richardson et al. 
(1986). This type ofmarker was developed in the 1960s and 
became the mainstay of population genetic investigations 
until the advent of the use of the Polymerase Chain Reaction 
(PCR) technique (Mullis 1990,1998). The PCR method can 
make millions of copies (i.e. it amplifies) of a single target 
DNA molecule detected with a primer molecule made in the 
laboratory. The latter initially recognises the DNA molecule 
based on the complementary sequences of the nucleotide 
components that make up the DNA target and the primer. 
A DNA replicating enzyme called DNA polymerase mul¬ 
tiplies the primer-recognised DNA over and over again so 
that large, analyzable quantities of the initially very small 
(a few molecules) quantities of the target are available for 
study. Allozymes were used extensively to characterise ge¬ 
netic diversity in early salmon aquaculture (Allendorf & 
Waples 1996); this approach is still used regularly to mon¬ 
itor salmonid genetic diversity (Verspoor et al. 2005). Al¬ 
lozymes have the advantage of being relatively inexpensive 
and no prior knowledge is required to screen diversity in 
new species for the many allozyme loci available (Richard¬ 
son et al. 1986). However, genetic variation can be natu¬ 
rally so low that assessment by allozyme markers analysis 
is inadequate, a particular problem in decapod crustaceans 
(Hedgecock et al. 1982). Moreover, because allozymes are 
encoded by functional loci, they cannot be considered neu¬ 
tral, and therefore may be affected by selection and adaptive 
processes. 

15.2.4.2 Mitochondrial DNA (mtDNA) markers 

Assaying variation at the level of the DNA molecule be¬ 
came possible with the advent of PCR. This technique was 
used principally to assay DNA sequence variation of the 
mitochondrial DNA genome (mtDNA) using restriction 
fragment length polymorphisms (RFLPs) for detecting dif¬ 
ferences at the molecular level. Temperature Gradient Gel 
Electrophoresis (TGGE), Denaturing Gradient Gel Elec¬ 
trophoresis (DGGE) and Single Strand Conformational 
Polymorphism (SSCP) have been developed to assay vari¬ 
ation at the molecular level. TGGE and DGGE rely on the 


denaturing properties of the specified DNA fragment, un¬ 
der temperature and chemical gradients, respectively. SSCP 
uses the electrophoretic mobility differences of the unique 
shape determined by the secondary structure of a DNA 
fragment that has been denatured to the point of being 
single stranded. However, the best results are now routinely 
obtained with direct DNA sequencing. Mitochondrial DNA 
(mtDNA) has the advantage of being a neutrally evolving 
molecule (Rand et al. 1994; Ballard & Kreitman 1995) that 
has multiple genes and a non-coding region with varying 
mutation rates (from fast to slow) that provide a range of 
markers with appropriate levels of genetic variation for par¬ 
ticular applications. Many mtDNA oligonucleotide (typi¬ 
cally a sequence of 20 or fewer nucleotide bases) primer sets 
are now available for most organisms. The main drawbacks 
of exclusively using a mtDNA approach to assay genetic 
diversity is that the entire mitochondrial DNA molecule es¬ 
sentially constitutes only a single DNA ‘locus’ and thereby 
only provides a single estimate of genomic variability. In 
addition, because it is almost exclusively inherited from the 
maternal, it is uninformative about male-mediated inheri¬ 
tance. 

15.2.4.3 Nuclear DNA (microsatellite) markers 

The markers of choice in many current genetic diversity 
studies are microsatellites. These markers are short tandem 
repeat motifs of 2 to 6 base pairs (bps) scattered across 
the nuclear genome. They commonly possess high allelic 
diversity, have high mutation rates and occur regularly in 
non-coding regions, so they evolve neutrally. Generally, mi¬ 
crosatellites mutate in a stepwise fashion by gaining or los¬ 
ing a single repeat unit. This property allows determination 
of relatedness among alleles, something that is not possi¬ 
ble with allozymes. Once a set of microsatellite loci have 
been identified and characterised for a species, they can 
be used in relatively cheap, high throughput analysis. The 
main disadvantage of using microsatellites is that their high 
mutation rates can result in accumulation of back muta¬ 
tions or multiple, but independent, mutations at single nu¬ 
cleotide sites resulting in homoplasy, a condition in which 
two individuals share the same allele at a particular locus 
due to convergent evolution rather than common descent. 
The latter assumption underlies many population genetics 
analyses. 

15.2.5 Geographic genetic variation in 
M. rosenbergii: DNA studies 

15.2.5.1 Genetic variation and drainage systems 

Populations tend to diverge genetically when gene flow 
among them is restricted (Slatkin 1987). The genetic 
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variation in many freshwater species is partitioned among 
river drainage systems because animal dispersal, and hence 
gene flow, is highly restricted among populations due to in¬ 
tervening inhospitable terrestrial or marine environments. 
Therefore, freshwater species tend to display more signifi¬ 
cant population genetic structure than either estuarine or 
fully marine species (Gyllensten 1985; Ward et al. 1994; De 
Woody & Avise 2000). This pattern is found in freshwater 
decapod crustaceans over relatively small geographic ranges 
(Hughes et al. 1995; Crandall 1998; Hurwood & Hughes 
2001; Cook et al. 2002, 2006; Baker et al. 2004; Nguyen 
etal. 2005; Dooh et al. 2006; Shih et al. 2006). 

Several Macrobrachium species are obligate freshwater 
species for at least part of their life cycle. This life history 
characteristic results in the development of significant pop¬ 
ulation structuring in these species at the river drainage level 
because localised dispersal among neighbouring drainages 
can occur only during a marine or brackishwater phase, 
when the only gene exchange pathway available to these 
species is likely to occur. Similar population genetic struc¬ 
ture is seen in other obligate freshwater taxa characterised 
by ‘isolation by distance’ gene flow patterns ( sensu Slatkin 
1993). 

A number of Macrobrachium species are fully marine but 
some ‘freshwater’ species, such as M. rosenbergii, require 
temporary access to brackishwater for larval development. 
In contrast, M. lar has an approximately three month long 
salt water-tolerant larval and postlarval phase that facili¬ 
tates dispersal via the marine environment. While little is 
known about the relative tolerance of the adult phase of 
such species to 100% marine conditions, it is unlikely that 
significant dispersal among drainages would occur at the 
larval stage. Therefore, evolution of genetic diversity within 
M. rosenbergii most probably has occurred at the ‘among 
drainage’ system level. 

15.2.5.2 Eastern and Western forms revealed by 
mtDNA analysis 

de Bruyn et al. (2004a) conducted the most comprehen¬ 
sive spatial analysis to date to investigate the population 
structure across the natural range of wild M. rosenbergii 
(excluding India, Pakistan and Sri Lanka) using a 472 base 
pair (bp) fragment of the mtDNA 16s rRNA gene. The 
most striking result of this analysis was the very wide diver¬ 
gence (~5-6% corrected distance) among wild M. rosen¬ 
bergii populations, with distributions located on either side 
of Huxley’s Line (Fig. 15.2), while less than 1.0% genetic 
divergence was detected among locations within these di¬ 
vergent groups. Huxley’s Line is an extension of Wallace’s 
Line that constitutes a major biogeographical break in the 
geographic distributions of many major plant and animal 
groups in eastern Indonesia, between the islands of Bali 


and Lombok. The lines have also been found to represent 
the result of geological process including continental drift 
and seawater level fluctuation that could have led to the 
isolation of flora and faunal groups and the evolution of 
taxonomic, and recently molecular, differences between the 
animal and plants on either side of the lines. These islands 
lie on either side of a deepwater barrier that restricts disper¬ 
sal for terrestrial and freshwater species, so that evolution 
of major floral and faunal assemblages occurs on either side 
of it. The level of divergence in wild M. rosenbergii popu¬ 
lations reflects a split between Eastern and Western forms 
that probably occurred during the Miocene (estimated to be 
between 5.3 and 11.7 million years ago). These data broadly 
confirm earlier studies that suggest the existence of discrete 
M. rosenbergii forms across the natural distribution of the 
species (Hedgecock et al. 1979; Lindenfelser 1980, 1984; 
Malecha 1980, 1984; Stelmach 1980). 

15.2.5.3 Within geographic form diversity 

Once the major divergence between Eastern and Western 
forms of M. rosenbergii was recognised, interest focused on 
understanding to what degree these forms may show ‘within 
form’ ( sensu ‘within clade’ de Bruyn etal. 2004a,b) diversity. 
To answer this question, a faster evolving mtDNA gene, the 
602 bp of the mtDNA cytochrome oxidase subunit 1 (CO 1) 
gene, was used to investigate the geographic distribution of 
genetic diversity within the Eastern (de Bruyn etal. 2004a,b) 
and Western (de Bruyn et al. 2005) forms. 

The eastern form 

DNA sequence data from 378 M. rosenbergii individuals 
sampled from 12 rivers in northern Australia, New Guinea, 
Irian Jaya and the Philippines (Fig. 15.2) was used by de 
Bruyn etal. (2005) to assess the genetic diversity within the 
Eastern form. In this study, 43 unique genetic constitutions 
of a haploid call - termed haplotypes - were detected, with 
haplotypic diversity (h) ranging from 0.00 to 0.66 (mean 
h = 0.376). The word ‘haplotype’ usually refers to unique 
genetic variants when employing cytoplasmic (mitochon¬ 
dria or chloroplast) DNA markers. Three observations were 
derived from this investigation. Firstly, genetic variation 
was moderate across the distribution of the Eastern form. 
Secondly, four distinct wild lineages were evident with the 
most divergent lineage present in the Kimberley region of 
north Western Australia that probably represents an inde¬ 
pendent‘evolutionarily significant unit’ (ESU, sensu Moritz, 
1994). Thirdly, and more importantly from an aquaculture 
management point of view, was that the level of genetic dif¬ 
ferentiation among populations from major natural river 
drainages across northern Australia probably reflected iso¬ 
lation in a modern arid environment following a histori¬ 
cal connection among drainages during lowered sea level 
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Fig. 15.2 Map of Southeast Asia and northern Australia depicting the distribution of M. rosenbergii. 

Sampling sites (open, dotted and shaded circles) from de Bruyn & Mather, (2007). Major surface currents of interest 
are shown as solid arrow-tipped lines. Dashed line indicates seasonally reversing currents. North Equatorial Current 
(NEC); North Equatorial Counter Current (NECC); New Guinea Coastal Current (NGCC); Indonesian Throughflow 
(IT; location of Makassar Strait); Mindanao Eddy (ME); Halmahera Eddy (HE). Light grey shading on map indicates 
-120 m sea-level contour, and major freshwatersheds at this time are shown (Voris 2000). ‘Huxley's line’ dividing 
major genetic geographic genetic forms of M. rosenbergii , as described in de Bruyn & Mather (2007) and reviewed in 
this chapter, is shown. 


episodes in the Pleistocene. If this is true, prawn ‘drainage 
populations’ are unlikely to recover from extinction (e.g. 
due to over-fishing or other reasons) via natural recoloni¬ 
sation and recruitment from adjacent drainage systems. The 
results of the de Bruyn etal. (2005) study are also relevant to 
future efforts to overcome the failures of realising the East¬ 
ern form in culture due to its aggressive behaviour and high 
hatchery mortality (C. Lee, pers. comm. 2007). However, 
recent results from hatchery trials are promising (Zeng & 
Lober 2007). 

The western form 

The sample locations in the de Bruyn et al. (2005) study 
spanned much of the natural distribution of the Western 
form of M. rosenbergii isolated from the 404 individuals 
sampled. A level of diversity similar to that in the Eastern 
form was observed, with haplotypic diversity {h) ranging 
from 0.00 to 0.73 (mean h = 0.500). As with the Eastern 
form, significant genetic differentiation was evident at a 
river drainage level, suggesting that the modern distribution 
of forms was influenced primarily by historical fluctua¬ 


tions in sea level during the Pleistocene glacial-interglacial 
cycles. 

A significant break in the phylogenetic tree was evident 
between wild populations north and south of an area re¬ 
ferred to as the Isthmus of Kra (southern Thailand). This 
phylogenetic break may reflect a historical discontinuity be¬ 
tween mainland and island populations when sea levels were 
higher than today, creating a sea barrier through an area 
of low topography on the Malay Peninsula. While culture 
of indigenous western M. rosenbergii stocks is widespread 
across the region, impacts of past and present over-fishing 
of local stocks may be reflected in the relative lack of varia¬ 
tion in samples from the Malay Peninsula (h = 0.00-0.12). 
In this case, absence of contemporary dispersal pathways 
may limit recruitment of additional genetic variation from 
other locations in the region. 

15.2.6 Other prawn species 

While haplotypic diversity appears relatively high for both 
M. rosenbergii Eastern and Western forms, they are lower 
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when compared to other Macrobrachium species that have 
been assayed for the same mtDNA fragment. Yang et al. 
(2007) reported haplotypic diversity ranging from 0.7 to 1.0 
for M. rtipponense from the Yangtze and Lancang Rivers in 
China. M. nipponense is another popular freshwater prawn 
cultured in Asia, mainly in China (Chapter 21), that has 
been reported to have suffered significant declines in pro¬ 
ductivity in recent times (Fu et al. 2004). Yang et al. (2007) 
reported 46 haplotypes in 79 individuals from 9 wild sam¬ 
pling sites, indicating high genetic diversity that remains to 
be exploited in the culture of this species. 

Carini & Hughes (2004) reported high levels of haplo¬ 
typic diversity in M. australiense (mean h — 0.923) across 
dryland river systems in arid Australia. Their study detected 
98 haplotypes in a total of402 individuals. In both instances, 
genetic variation in M. nipponense and M. australiense was 
2 to 3 times higher than that reported in both Eastern and 
Western forms of M. rosenbergii. This is particularly inter¬ 
esting because the sampled populations of M. australiense 
are known to fluctuate radically in size on a regular basis 
due to the ephemeral nature of much of their habitat. In 
addition, the natural distributions of both M. nipponense 
and M. australiense are far less extensive than those of both 
M. rosenbergii forms. 

Although any direct comparisons among species should 
be treated with caution, one conclusion is that genetic di¬ 
versity in M. rosenbergii may be declining in the wild, pos¬ 
sibly due to over-fishing or other anthropogenic impacts. 
It should be noted, however, that some populations of M. 
rosenbergii in northern Australia are largely unaffected by 
humans, but still display relatively low genetic diversity. 
The genetic diversity levels may be naturally lower in this 
species with no over-fishing or other environmental distur¬ 
bance being responsible. 


15.2.7 Analysis of nuclear DNA (nDNA) diversity in 
Macrobrachium species 

Apart from some early allozyme studies on Macrobrachium 
described previously, studies of nDNA that have isolated 
and characterised microsatellite markers for M. rosenbergii 
are limited to two. Chand et al. (2005) developed six primer 
sets on DNA extracted from an Eastern M. rosenbergii in¬ 
dividual and optimised them in a population from the 
Norman River in north eastern Australia. Subsequently, 
Charoentawee etal. (2006) isolated 10 microsatellites from 
the Western form collected in Thailand (Table 15.2). 

Although the primer sets designed by Chand et al. (2005) 
were intended initially to be used for screening diversity in 
M. rosenbergii sampled from across the complete natural 
geographical range of the species, amplification of PCR 
product for the Western form individuals was unsuccessful 


for all loci after considerable effort was expended to op¬ 
timise PCR conditions. Obviously, levels of genetic di¬ 
vergence identified with mtDNA (16s) among the two 
M. rosenbergii forms are also evident in nDNA; probable 
mutations in microsatellite priming sites in the Western 
form prevent primer annealing with Eastern primers dur¬ 
ing PCR. In contrast, primers designed by Charoentawee 
et al. (2006) were from the Western form. Whether they 
will amplify in the Eastern form of M. rosenbergii is to 
be determined. Charoentawee et al. (2006) did, however, 
test 10 primer sets to ensure that they, like Chand et al. 
(2005), had not inadvertently designed primers for the same 
loci. 

Two studies have arisen from the M. rosenbergii mi¬ 
crosatellite studies described previously, each focusing on 
different aspects of M. rosenbergii population genetics. The 
first study (de Bruyn & Mather 2007) was directed at as¬ 
saying genetic variation in wild stocks and how it was dis¬ 
tributed geographically in the Eastern form. The second 
study employed microsatellite loci to assay genetic variation 
in culture lines of the Western form to assess the impacts 
of domestication (Charoentawee etal. 2007). The results of 
this study suggest that levels of variation of nDNA in the 
wild are greater in the Eastern form of M. rosenbergii, when 
compared to the Western form. 


15.3 Genetic management of broodstock 

15.3.1 Inbreeding depression and genetic bottlenecks 

There is always a risk of losing productivity in aquaculture 
due to the negative impacts of ‘genetic bottlenecks’ and in- 
breeding. ‘Inbreeding’ refers to the practice whereby genet¬ 
ically closely related, biological descendants from the same 
ancestors mate and produce offspring that display negative 
effects (called ‘inbreeding depression’) because deleterious 
genes are more likely to pair up in closely related, i.e. in- 
bred individuals. A similar situation has occurred in some 
terrestrial farmed species (Gharrett et al. 1999; Doyle et al. 
2001; Myers etal. 2001; Duchesne & Bernatchez 2002; Slate 
& Pemberton 2002). Inbreeding ‘depression’ occurs when 
a small number of individuals reproduce with close rela¬ 
tives. resulting in an increase in frequency and expression 
of deleterious recessive alleles. 

As commonly observed in new aquaculture industries, 
the number of individuals in the founder broodstock can 
be small. However, a numerically small founder group 
does not, ipso facto, restrict genetic variation in its descen- 
dents as shown by Carson (1968). He described the occur¬ 
rence of rapid population expansion and speciation on is¬ 
lands through colonisation by numerically small founder 
groups that filled previously unutilised niches. In the 
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Table 15.2 Details of M. rosenbergii microsatellite markers. 


Locus 

Primer sequence 5’-3’ 

T a (°C) 

Repeat motif 

No. of alleles 

Size range 

Ho 

H e 

Mr-70 

F:CATCAGCATTTGGCAGTCAC 

R: GGGGATCGTTCCGTAGTTTT 

52 

(ATT) 7 

12 

235-283 

0.759 

0.822 

Mr-74 

F: TGTGAAAGGAAGTAAACTG 

R: CAATAGATAAGTGAACCTC 

57 

(CT) 32 

16 

126-174 

0.759 

0.819 

Mr-78 

F: ACAAAACAAGCAGAAAAG 

R: CAGGCACAGTGATAACCAA 

60 

(GA) 3 i 

16 

102-144 

0.793 

0.93 

Mr-88 

F: CTTCGGGTGTCATTGACCTT 

R: CGGGGATCTGAGGTTTTAT 

48 

(GA) 3 2 

18 

176-218 

0.897 

0.872 

Mr-89 

F: TCAAAAGGCGGGATTGATA 

R: CCGGGGATCATGTATTCTA 

48 

GAA(GA)i 7 GAA 

13 

252-278 

0.655 

0.772 

Mr-95 

F: CAACTATAAAACAAACGAC 

R: TAATTTTCTTTCAACTGCTT 

54 

(GA) 33 

15 

156-190 

0.724 

0.852 

Mbr-1 

F:CCACCATCAATTCTCACTTACC 

R: TCTTTTCACATCGTTTCCAGTC 

60 

(GA)24 

13 

272-320 

0.769 

0.911 

Mbr-2 

F: TTCCCGACCAATTTCTCTTTCTC 

R: GCAAAAATGATCTTGGATTCAC 

60 

(GT)22 

8 

298-336 

0.833 

0.839 

Mbr-3 

F: CAACTCTATGTTTCGGCATTTGG 

R: GGGGAATTTTACCGATGTTTCTG 

62 

(AG) 14 

16 

232-284 

0.269 

0.928 

Mbr-4 

F: CCACCTACCTGACATTCCCAAAC 

R: CGGGGCGACTTTTAGTATCGAC 

62 

(GT)29 

10 

288-326 

0.464 

0.875 

Mbr-5 

F: CAAGGCTCGTGTCTCTTGTTTC 

R: GCTTGTACTTGTTCAGCTTTTGC 

62 

(AG)25 

10 

286-328 

0.731 

0.900 

Mbr-7 

F: TAAAAGAGTCGCCAAATGAGCA 

R: ATTGGGAATTGTTGACCTCCAAG 

62 

(TGC)16 

5 

274-286 

0.556 

0.511 

Mbr-8 

F: AACCAGCCGACTTAGACTGTGC 

R: CGCCATTTGCGTCTATCTCTTAC 

62 

(AGC) 6 (AG) 5 AA 

(AG) 4 

5 

256-266 

0.500 

0.600 

Mbr-9 

F: TGTTTGCTTGTTTAGTGTCAAGG 
R:CTCCAAAACCGAAAAATCCTCAC 

60 

(TG)5(AG)17 

17 

240-284 

0.519 

0.906 

Mbr-10 

F: TGACGATGATGAGGAATGAAGC 

R: TTTCAGGCTATACAAGCAACAG 

60 

(ATG)3A(ATG)4 

7 

241-265 

0.517 

0.707 

Mbr-11 

F: TATTGAGAACAAAGGCGCACAG 

R: TCTCTTTCCAAAACAGGGCACA 

60 

(AG)31 

7 

263-291 

0.500 

0.821 


Included are locus name, PCR primer sequences and annealing conditions, allele number and size range and observed (Ho) 
and expected heterozygosities (H E ) for each locus. Primer sets 1-6 are from Chand et al. (2005) with GenBank® accession 
numbers AY791965-AY791970, respectively. The remaining 10 are front Charoentawee et al. (2006) with accession numbers 
DQ019863-DQ019872. 


Carson model, the population size of the founder group’s 
descendents rapidly increases and is then maintained over a 
long period, thereby increasing the amount of genetic vari¬ 
ation that the population can hold. In aquaculture, a rapid 
numerical population explosion from founder broodstock 
may occur due to the high fecundity of aquaculture species; 
however, only a few individuals in each subsequent genera¬ 
tion go on to be the breeders. Indeed, aquaculture brood- 
stock populations are not large when compared to the cul¬ 
tured populations they generate, and they do not normally 
exchange genetic variability with each other. Consequently, 
cultured stock will be forced through sequential numerical 
bottlenecks in each generation as, for example, in a locale 
that is dependent on few broodstock populations from a 
few local hatcheries or in the case of single farm depen¬ 
dent on its own (i.e. 1 broodstock) hatchery. This situation 


promotes inbreeding and could cause genetic bottlenecks 
in the cultured stock, leading to reduced genetic variability. 
Genetic variability could be further reduced if little or no at¬ 
tention is paid to maintaining genetic variation over time, 
particularly if broodstock for each generation is selected 
from the previous culture cohort. 

Many of the populations cultured in areas outside the 
natural range of M. rosenbergii in North and South Amer¬ 
ica, Africa, Europe and parts of China and Taiwan (New 
2000) can be traced to the animals - estimated at 12 in¬ 
dividuals or less by Hedgecock et al. (1979) - imported 
to Hawaii in 1965 from Penang (Malaysia) by Takuji 
Fujimura for the development of the mass culture tech¬ 
niques for larvae (Fujimura & Okamoto 1972). These 
founder animals and their descendants are termed the Anu- 
enue stock (Malecha 1977) after the Anuenue Fisheries 
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Research Center in Hawaii where Fujimura (Chapter 1) 
conducted his research as Director. 

From its inception, the prawn farming industry has at¬ 
tributed declines in total grow-out productivity and indi¬ 
vidual growth rate to inbreeding and the degeneration of 
the cultured stocks, caused by small (i.e. Anuenue stock- 
based) gene pools (Hanson & Goodwin 1977; Malecha 
1977). Evidence for negative outcomes of inbreeding in cul¬ 
tured M. rosenbergii stocks, however, is mostly anecdotal. 
In this regard, cultured stocks in Taiwan in the early 1990s, 
which were sourced originally from Hawaii, experienced 
productivity declines that at the time were attributed to 
inbreeding depression effects. In Fiji, reports from the gov¬ 
ernment fisheries agency responsible for producing PL for 
farmers observed that mean size at maturation for females 
was decreasing, with consequential effects on culture stock 
growth rates over time. The Fijian stock also originated 
from Hawaii. 

On the surface, the broodstock practices commonly em¬ 
ployed to produce prawn PL in culture appear to have led to 
relatively high levels of inbreeding in prawn stocks, causing 
a reduction of genetic diversity in the cultured stocks. How¬ 
ever, Malecha (1983) argued that inbreeding depression in 
prawns is not, ipso facto, inevitable in the descendants of nu¬ 
merically small founder stocks, such as the Anuenue stock. 
Firstly, the prawn’s high fecundity (>10 000 eggs/female, 
with larger females giving exponentially larger amounts, 
e.g. >50 000 eggs/female as described in Malecha (1983) 
could have resulted in the numerically small founder group 
carrying a sufficient amount of genetic variation to min¬ 
imise a ‘founder effect’ inbreeding depression, despite the 
small numbers in the founder group. Secondly, the high 
larval survival in prawn hatcheries (30-50% of all eggs 
hatched into larvae), compared to larval survival in na¬ 
ture («1%), has served to broaden the prawn gene pool 
in a manner similar to that described by Carson (1968) for 
the genetic events (population ‘flushes’) occurring during 
rapid speciation following colonisation. Thirdly, the effects 
of Tow’ effective population size, N e (see section 15.3.3) 
in the founder groups, and in subsequent generations that 
potentially could be exposed to sequential population bot¬ 
tlenecks, can be mitigated in highly fecund species by ‘max¬ 
imum avoidance’ (of inbreeding) mating schemes, as de¬ 
scribed by Kimura & Crow (1963), which avoid or reduce 
inbreeding effects. 

The foregoing seem to be born out by early and recent 
studies, although it is generally recognised that genetic vari¬ 
ability in cultured populations is significantly reduced (Slate 
& Pemberton 2002). Malecha etal. (1980) and Sarver etal. 
(1979) found few differences between the cultured and wild 
prawn stocks with similarity in size frequency distribu¬ 
tion of communally reared Anuenue and Malaysian wild 
stocks. This work is supported by the recent findings of 


Charoentawee et al. (2007), who studied wild and hatchery 
populations of M. rosenbergii using microsatellite markers 
and found significant genetic differentiation across all the 
Thailand populations studied. All the hatchery and wild 
populations studies exhibited relatively high, and similar, 
genetic diversity with an average of 7.50 to 10.67 alleles per 
locus and average expected heterozygosity at all loci of 0.64 
to 0.73. These results indicated that poor performance of 
freshwater prawns due to deterioration of genetic variability 
and inbreeding was not an issue in the studied populations. 
In contrast, Li et al. (2004) showed that the genetic distance 
between cultured populations from Zhejiang Province in 
China and in a natural population from Burma was 0.1845 
and that the genetic diversity of natural population was 
higher than that of cultured population. 

Heritable changes occur as the result of selection within 
the culture environment (Doyle & Hunte 1981). Doyle etal. 
(1983) argued that such changes are important in M. rosen¬ 
bergii culture and that collecting broodstock from ponds 
as early as possible in the production cycle would be a 
simple but effective improvement in management strategy. 
Similarly, Ra’anan and Sagi (1985) suggested that selecting 
the earliest maturing females as broodstock would improve 
the genetic base because these are also the fastest-growing. 
However, the practice of choosing prawn broodstock solely 
on the basis of their readiness to spawn can exert an indirect 
negative effect on weight at harvest if the smallest females 
are chosen for spawners because they mature earlier. This 
practice does not ipso facto lead to inbreeding depression 
but it was suspected in the hatchery stock at the Anuenue 
Research Centre in Hawaii in the 1980s (New 2000). 


15.3.2 Outbreeding depression 

One consequence of mixing genetically divergent stocks, to 
counter inbreeding and to establish a diverse genetic base 
for selection, is the possibility for ‘outbreeding depression’, 
where crosses between divergent stocks have lower fitness 
than either parental types (Gilk etal. 2004; McGinnity etal. 
2003). When outbreeding depression occurs, one or both 
stocks could become extinct due to disruption of the gene 
complexes within the local stocks that have become ‘co¬ 
adapted’ with one another (Templeton 1986). This phe¬ 
nomenon has been documented in some freshwater deca¬ 
pod species (Hughes etal. 2003). Potential for outbreeding 
depression is primarily a problem for wild ranching cul¬ 
ture systems whereby juveniles are released into the wild for 
grow-out before recapturing them (Moritz 1999), or when 
individuals escape, or are inadvertently released, from cul¬ 
ture. This situation could occur commonly in aquaculture 
because of the proximity between the cultured and wild 
populations (Cross 2000: Roberge etal. (2008). 
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15.3.3 Effective population size ( N e ) 

Once genetic diversity in wild populations has been assayed 
and incorporated into broodstocks it has to be managed, 
conserved, and optimised during subsequent generations 
by application of population genetic-based management. 
An essential aspect of this approach is the assessment of 
the relative genetic contribution of individual parents to 
ensuing generations. In many cases where mass spawning is 
employed in a hatchery - as carried out in prawn culture - 
a small number of individual parents in the broodstock 
may actually contribute genetically to the offspring pro¬ 
duced (Sekino et al. 2003; Gallardo et al. 2004). This oc¬ 
currence can rapidly erode genetic variation in the progeny 
causing a genetic bottleneck (as discussed previously) due 
to the increase in the level of inbreeding and the poten¬ 
tial for inbreeding depression (Slate & Pemberton 2002). 
The effective population size, N e , measures the number of 
individuals in the broodstock population that actually con¬ 
tribute genes to subsequent generations in contrast to the 
numerical census, N, which is the most common parame¬ 
ter recorded by hatchery managers. N e is not recorded in 
aquaculture practice despite the fact that its measurement 
and maintenance at sufficient levels is essential to maintain¬ 
ing genetic diversity (Hedgecock & Malecha 1991). Genetic 
variability may be lost from numerically small broodstock 
populations that have been isolated from natural popula¬ 
tions during the domestication process due to random sam¬ 
pling errors in the transmission of genes from generation 
to generation, a process called ‘genetic drift’. The amount 
of genetic drift is directly related to the effective size, N e , of 
a broodstock, not its numerical census, N. 

N e is usually lower than the numerical census of brood 
stock for two main reasons (Fig. 15.3a). Inequality between 
the numbers of males (M) and females (F) that actually 
mate and produce offspring reduces N e relative to the total 
number of brood stock, N = M + F, according to the 
formula: 

N e = 4MF/(M + F) 

As illustrated in Figure 15.3a, a ‘breeding population’ of 1 
male and 20 females will have an N e of 3.8, not 21. 

Another factor that increases the loss of genetic variation 
is the inequality of the reproductive contributions of indi¬ 
vidual broodstock to subsequent breeding populations. The 
effective size of a broodstock population, N e , as a function 
of breeding population size, N, and variance in the number 
of offspring per parent, 14 is given by 

N e = (4N - 4)/(V* + 2) 

where N is the number of female parents shown in Fig. 
15.3b, which illustrates the calculation of N e as a function 
of 14 with diagrams representing egg masses. 


N 4 MF/ 
e ^(M + F) 


cA : ?c>?q^q^q 
1 :20 
N e = 3.8! 


N _ (4N- 41/ 

/"(V K + 2) 


V K = VARIANCE IN OFFSPRING 

NUMBER REACHING REPRODUCTION 





N e =2-4! 


Fig. 15.3 Effective population size. (Reproduced with 
permission from Hedgecock & Malecha 1991.) 

a) The effect of unequal numbers of breeding females 
(F) and males (M) on effective size, N e . Breeding popu¬ 
lation is shown as 21 individuals, 1 male and 20 females, 
yet the effective size, N e is only 3.8. 

b) The effect of unequal contribution numbers to N e de¬ 
scribed as V k , the statistical variance of the offspring 
number reaching reproductive age. The stippled areas 
represent brood size (e.g. egg number, larvae etc.). Be¬ 
cause the exact brood size is unknown in this example, 
an estimate of N e is presented for illustrative purposes 
as 2-4. 


The inbreeding that inevitably accrues in broodstocks 
of small N e can reduce fitness and productivity. The most 
important improvement that prawn culturists can make 
in current husbandry practices is to maintain a record of 
the lines of descent (‘pedigree’) in their broodstock. Keep¬ 
ing good pedigree records is one the most fundamental 
practices in animal husbandry. This practice allows the 
prawn breeder to even out the reproductive contributions 
of broodstock, to prevent the mating of close relatives by 
chance, and to assess the amount of offspring that an in¬ 
dividual contributes to the next generation. Monitoring 
genetic diversity over time using this practice helps pre¬ 
scribe if and when genetic augmentation from wild or other 
culture lines needs to be considered. Development of pedi¬ 
greed stocks is also necessary for the practice of traditional 
selective breeding. 
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15.3.4 Heritability 

Genetic improvement of quantitative production traits such 
as growth, disease resistance, food conversion ratios, etc. is 
the primary goal in terrestrial agriculture and aquaculture. 
Indeed, most of the phenotypic traits that are the focus for 
improvement in breeding programmes are under ‘quan¬ 
titative’, polygenic, control whereby several gene loci, each 
containing multiple alleles, contribute to the variation of the 
trait. Therefore, the major focus of animal breeding genetics 
has been directed at estimating and managing quantitative 
genetic variation. This involves determining the degree to 
which the phenotypic variation of trait is due to the genetic 
variation among polygenic loci, and the degree to which 
the variation of the trait is due to non-genetic (usually 
referred to as ‘environmental’) variation. The basic param¬ 
eter that estimates the relative contribution of the genetic 
and non-genetic variance to the total variance is called the 
‘heritability’, h 2 , of the trait that varies between 1 and 0. 

A heritability value is a ratio of statistical variances that 
are estimated using statistical techniques involving analysis 
ofvariance. Heritability refers to the degree by which the ob¬ 
served, i.e. visible, variation in traits reflects the underlying 
genetic variation among individuals. Generally speaking, 
for the simplest genetic case, the higher the heritability the 
greater is a response to genetic selection for the trait. For 
example, a h 2 = 1 means that all the variation among in¬ 
dividuals for the trait’s value is due to the variation among 
the genotypes of the polygenic loci controlling the trait, and 
none of the variation is due to non-genetic, i.e. environmen¬ 
tal, causes. In this case selecting and mating parents who 
display superior trait values from a distribution of individ¬ 
uals displaying different values of the trait, would probably 
result in the progeny of these matings who display a value of 
the trait equal to the mean value of the selected parents. The 
difference between this progeny value and the value in the 
unselected population in the previous generation is called 
the selection response. A high selection response is the goal 
of animal breeding programmes. A h 2 > 0 < 1 means that 
only a portion of the variation among individuals for the 
trait’s value is due to the variation among the genotypes of 
the polygenic loci controlling the trait and the other por¬ 
tion due to non-genetic influences. In this case the selection 
response would place the progeny mean value somewhere 
between the value of the trait in the unselected parental pop¬ 
ulation and the average value of selected parental group, and 
the selection response would be expected to be positive de¬ 
pending on the actual h 2 value. This appears to be the case 
in M. rosenbergii females (Malecha et al. 1984). An h 2 = 0 
means that none of the variation among individuals is due 
to variation among genotypes, and the selection response 
would be expected to be zero. This appears to be the case in 
M. rosenbergii males (Malecha etal. 1984). 


Meewap et al. (1994) estimated the heritability of size 
of mixed sex prawn juveniles at 23 weeks and found low 
values (± -0.09). The Malecha etal. (1984) study estimated 
the h 2 for size in juvenile males and females from 50 full 
and half-full sib families nested within 16 sires in an unbal¬ 
anced design. PL were reared in separate compartments for 
up to 311 days, and reached mean weights of 2.4 and 2.3 g 
for females and males, respectively. Heritability of prawn 
size was found to be a sexually dimorphic trait, with fe¬ 
males exhibiting significant genetic control ( h 2 ± 0.35) of 
size variation, while in males the genetic control of size 
variation was close to zero. A similar phenomenon, namely 
a sex-linked control of size variation, has been reported for 
catfish (El-Ibiary 8t Joyce 1978). On the basis of studies 
by Malecha et al. (1981, 1984), individual growth in male 
prawns is non-genetic and controlled by intra-population 
environmental and social factors. Therefore, genetic im¬ 
provement in prawn growth presumably can be achieved 
by a selection programme focused on females exclusively 

15.3.5 Conclusions 

The goal of a sustainable prawn culture industry within, and 
outside, the natural range of M. rosenbergii can be achieved 
with proper conservation and management of wild prawn 
gene pools as the source of genetic diversity for future cul¬ 
ture. For this goal to be realised, population genetics must 
be integrated into stock management and improvement 
programmes. Indeed, the results of molecular analyses have 
indicated that significant genetic variation is present in wild 
M. rosenbergii populations and available for exploitation in 
culture. This condition is especially true in the Eastern form 
of M. rosenbergii , which is the only genetic base available to 
establish a prawn culture industry in Australia, where con¬ 
straints on importation necessitate use of only indigenous 
stocks for aquaculture. Levels of genetic diversity within 
the Western form may also be used to address apparent de¬ 
clines in productivity where the Malaysian strain is farmed. 
For example, M. rosenbergii stocks in the USA are currently 
the subject of stock improvement programmes (J. Tidwell, 
pers. comm. 2008) but all remaining diversity can probably 
be traced back to the limited number of individuals that 
were originally imported to Hawaii from Malaysia. This 
bottleneck, plus others that the stocks have been exposed to 
in hatcheries since then, probably means that diversity in 
culture lines of the Western form that are located outside of 
Southeast Asia are much lower than in Asia. This reduced 
diversity may have an impact on potential for genetic gains 
in breeding programmes. 

Given the importance of the M. rosenbergii culture in¬ 
dustry in many regions of the world, notably southeast, 
eastern and southern Asia, it is surprising how little genetic 



290 


Freshwater Prawns 


diversity information is available for the species. This lack 
of information is probably due to the relatively recent ar¬ 
rival of the relevant technology and expertise in the region. 
Worldwide, the majority of M. rosenbergii culture outside 
Asia has relied on the Hawaiian/Malaysian Anuenue brood- 
stock rather than local wild genetic variation. However, with 
an increase in reports of productivity declines in culture, 
assessing genetic diversity both in wild and cultured stocks 
should be a priority, particularly as the industry moves 
towards developing improved cultured breeds through ge¬ 
netic selection programmes. A basic requirement for such 
programmes is broodstocks that have high levels of genetic 
variation for quantitative traits. Fortunately, this genetic 
resource appears to exist in the wild. 


15.4 Sex reversal and monosex culture 

15.4.1 Overview 

The review in this section of our chapter focuses on the 
manipulation of the crustacean male sex-determining an¬ 
drogenic hormone (AH) produced from the androgenic 
gland (AG), an organ unique to crustaceans and compar¬ 
atively well studied in prawns. We include a discussion of 
the relative merits of all-female and all-male prawn culture 
and the relationship of prawn monosex culture to its well- 
developed counterpart in fish culture. The review covers 
the biotechnological manipulation of the AG/AH system 
to produce monosex culture populations from the matings 
of broodstock sex-reversed with the application of exoge¬ 
nous AG/AH material, for all-female culture; or the removal 
of effects of the native AG/AH system, for all-male culture. 
The review concludes with a discussion of options concern¬ 
ing the research required and developments in commercial 
monosex prawn culture technology, followed by the steps 
that might be involved in developing a new broodstock 
business sector for the prawn culture industry. 

15.4.2 Why monosex prawn culture? 

The desire to culture female or male monosex M. rosen- 
bergii populations exclusively is founded on the dramatic 
sexual dimorphic size differences between some males and 
females; the large size differences among individuals within 
the male morphotype classes (Chapter 16); and the price 
paid for a unit (kg) of prawns - like marine shrimp, as deter¬ 
mined by the individual weight of the pieces within the unit, 
not its total weight. The total economic (‘product’) value 
of populations of equal total biomass is actually unequal in 
favour of the one containing larger individuals. Depending 
on the growing conditions (as discussed below), individu¬ 
als of one sex can be larger and yield more total product 


value than those of the other sex. Under these conditions, 
monosex culture of that sex is the commercial goal. More¬ 
over, monosex aquaculture populations are non-breeding - 
so more energy is diverted to somatic, non-reproductive 
growth - allowing reproduction to be carried out in sepa¬ 
rate, more controlled systems. 

15.4.3 All-male or all-female prawns? 

From first impression, it appears obvious that the eye- 
appealing ‘jumbo’ blue claw (BC) male prawns should be 
the commercial target in monosex culture. Indeed, field 
studies at moderate to low densities seem to confirm these 
impressions of the large, BC, male morphotype described 
in Chapter 16 and in Smith et al. (1978), Ra’anan & Cohen 
(1984, 1985), Kuris et al (1987), Karplus & Harpaz (1990) 
and Karplus et al. (2000). This male morphotype domi¬ 
nates the product value (Sagi et al. 1986) in certain all-male 
cultures. 

There are also compelling arguments, however, for all¬ 
female culture. Work conducted since the review of Karplus 
et al. (2000), based on the a priori economic models to be 
introduced in the current chapter, suggests that all-female 
culture might be preferred at very high, intensive densities, 
where the moderately-sized females dominate the product 
value (Daniels etal. 2007). Commercial intensive freshwater 
prawn culture technology has yet to be developed to take ad¬ 
vantage of this result. However, intensive systems are being 
widely applied at increasing levels for marine shrimp and 
other aquatic organisms for land-sparing, environmental 
reasons. 

The most compelling commercial crustacean target for 
monosex culture, using the biotechnological approaches 
described here, are the female-superior, sexually dimor¬ 
phic marine shrimp species. These are the whiteleg (syn¬ 
onym: the American white shrimp, Litopenaeus vannamei)', 
the giant tiger (synonym: the Asian tiger shrimp, Penaeus 
monodon), the fleshy (synonym: the Chinese white shrimp, 
P. chinensis)-, and to a lesser degree, the blue (synonym: 
the Pacific blue shrimp, L. stylirostris) and the Kuruma 
(synonym: the Japanese ‘kuruma ebi’, P. japonicus ); these 
currently dominate the world shrimp market, with a total 
farmed value of US$ >9.5 billion in 2005 (FAO 2008). In 
contrast, the world value of farmed freshwater prawns in 
2007 was US$ 1.86 billion (Chapter 1). 

It would seem that sex reversal work with these marine 
shrimp should progress rapidly. However, this has not oc¬ 
curred due to the difficulty in obtaining research results 
in the important areas discussed below (section 15.4.11); 
the state-of-the-art is far more advanced with freshwater 
prawns than in marine shrimp. Therefore, research in sex 
reversal-based monosex culture will focus on prawns as 
an animal model for the more economically important, 
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female-superior marine shrimp, resulting in the develop¬ 
ment of all-female culture technology in prawns first, fol¬ 
lowed by marine shrimp. 

Finally, it may be more technically feasible to develop 
a commercial technology using biotechnology that creates 
all-female-siring ‘neomales’ from sex-reversed genetic fe¬ 
male prawns, than it is to create the ‘neofemales’ needed 
to sire all-males. The former are produced with high po¬ 
tency exogenous AG/AH material which may be compara¬ 
tively easier to produce and apply as biotechnologically- 
produced recombinant androgenic hormone (rAH). In 
contrast, development of all-male prawn culture technol¬ 
ogy must rely either on cumbersome surgical removal (‘ab¬ 
lation’) of native androgenic hormone (nAH)-producing 
AG tissue or on yet-to-be-developed (in crustacean mod¬ 
els) biotechnological-based technology, such as ‘gene- 
knockdown’ techniques (see section 15.4.13.7) to remove 
the effects of the AH gene in genetic males. The former 
technique is not easy to improve upon, and the latter is 
not imminent. Despite these differences, both all-male and 
all-female culture technology will eventually be developed. 
The techniques that will enable this, their bases, and impor¬ 
tant issues surrounding them are reviewed in the following 
sections of this chapter. 

15.4.4 Direct management of sexual dimorphism 

Sexual dimorphism is commonly managed directly in farm 
animals. In swine, farrows (castrated males) and gilts (un¬ 
mated females) are both marketed as finished hogs of simi¬ 
lar size. In poultry, broiler hens are slaughtered earlier than 
cocks. Compared to aquaculture animals, farm animals are 
large, clearly visible, easily sexed, and can be husbanded as 
collections (‘herds’ and ‘flocks’, etc.) of individuals. Prawns 
are small, not easily sexed as juveniles, and are managed as 
populations, with little direct regard for their individuality. 
Manual hand-sexing of juveniles in prawn aquaculture is 
impractical in many venues (but is currently commonplace 
in India; see Chapters 9 and 17). Some early attempts have 
been made to apply monosex culture in crustacean culture 
(Sagi et al. 1986; Curtis & Jones 1995). Prawn sex determi¬ 
nation is under known genetic control (Sagi & Cohen 1990; 
Malecha etal. 1992a; see section 15.4.11), so a cost-effective 
all-female or all-male culture technology must be based on 
genetic manipulation of prawn broodstock, as is done in 
fish culture. 

15.4.5 Sex-reversal in aquacultured fish 

The strategy of using monosex culture populations gener¬ 
ated with sex-reversed broodstock is commonly practised in 
fish aquaculture. Monosex fish produced from broodstock 
that have been sex-reversed with vertebrate sex steroids 


(androgens or oestrogens) are reared and harvested sep¬ 
arately in tilapia (Mires 1977; Tayman & Shelton 1978), 
salmonids (Donaldson & Hunter 1982), sea bass (Benten & 
Berlinsky 2006) and other fish (Yamamoto 1975). However, 
it is not possible to apply the same sex-reversal techniques as 
are used in fish culture to freshwater prawns, because crus¬ 
tacean embryological sex development (see section 15.4.7) 
is controlled by a hormonal system unique to crustaceans. 
Indeed, most of the endocrine regulation in crustaceans is 
affected by non-steroid hormones (Carlisle 8t Bart 1959; 
Kleinholz 8t Keller 1979; Hasegawa et al. 1983; Keller 
1983; Quackenbush 1986; Fingerman 1987; Huberman 
2000). Steroids are present in crustaceans (Gordon 1982), 
and steroidogenesis has been found in freshwater prawns 
(Veith & Malecha 1983; Harpaz et al. 1987), but vertebrate 
sex steroids generally have limited effects on crustacean sex¬ 
ual development (Nagabhushanan & Kulbarni 1981; Pluem 
2001, Sarojini 1963), despite conflicting reports such as that 
of Baghel etal. (2004), which is reviewed later in this chapter 
(see section 15.4.14). 

15.4.6 Vertebrate testosterone versus crustacean 
androgenic hormone (AH) 

The steroid testosterone, which is first produced by the em¬ 
bryonic, then the adult, testis is the ‘masculinising’ hor¬ 
mone in fish and other vertebrates. In crustaceans, the 
masculinising hormone is the non-steroid AH, thought to 
be a protein produced by the AG, originally described by 
Charniaux-Cotton (1954). The AG is unique to crustaceans 
(Charniaux-Cotton et al. 1966; Touir 1977) and thought to 
be under the control of eyestalk-produced neuro-regulators 
(Khalaila et al. 2002). The AH directs sexual (i.e. male) de¬ 
velopment and maintenance, similar to the action of testis- 
produced testosterone in vertebrates (Hasegawa etal. 1983; 
Katakura 1984; Charniaux-Cotton & Payen 1985, 1988; 
Katakura 1989). 

It is well known that exogenous vertebrate steroid hor¬ 
mones applied to immature fish will sex-reverse them. Re¬ 
views of this topic can be found in Pandian & Sheela (1995), 
Patino (1997) and Piferrer (2001), as well as reviews of fish 
sex determination by Yamamoto (1969), Yamazaki (1983), 
Price (1984) and Devlin & Nagahama (2002). Testosterone 
will sex-reverse sexually immature genetic female fish into 
males. Charniaux-Cotton (1959) was the first to sex-reverse 
a female crustacean (the amphipod Orchestia gammarella) 
into a male by transplanting the AH-producing AG tissue 
into the sexually immature genetic female. This important 
discovery suggested that the crustacean AH may be used 
in a manner similar to that of testosterone in sex-reversing 
fish. When female fish fingerlings sex-reversed into ‘neoma¬ 
les’ (genetic female/phenotypic male) with testosterone are 
mated with normal genetic females, they can sire all-female 
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progeny as adults because the mating is, in effect, between 
two ‘homogametic’ genetic females. Although a species does 
not display visible sex chromosomes, the gene systems that 
control sex are still described as ‘homogametic’ (ZZ) and 
‘heterogametic’ (ZW) according to the vertebrate conven¬ 
tion. In some cases, more than one type of homogametic, 
for example Z 1 , is involved, as in the case of M. rosenbergii 
in which the evidence suggests a male homogametic ZZ, Z 
Z 1 , Z 1 Z 1 system (Malecha etal. 1992a). 

Analogously, exogenous AG/AH material applied to sex¬ 
ually immature crustacean genetic females sex-reverses 
them into crustacean neomales capable of siring all-females 
in the case of the isopods (Katakura 1961), or progeny 
dominated by females in the case of prawns (Malecha et al. 
1992a), some of which can subsequently be used in second 
cross mating to produce all-females (Fig. 15.8 and section 
15.4.11). 

Exogenous vertebrate oestrogens applied to immature 
genetic male fish sex-reverses them into ‘neofemales’ (geno¬ 
typic male/phenotypic female), which can be mated with 
normal males who sire all-males or male-dominant ratios 
depending upon whether there is homogametic or het¬ 
erogametic control of sex (Piferrer 2001, for detailed review 
of this topic). No hormone analogue of the feminizing verte¬ 
brate oestrogen has been described in crustaceans. However, 
the ‘female-as-a-development-default-state’ sex determina¬ 
tion model (see section 15.4.7) applies to crustaceans, as it 
does in fish, so that the removal of the masculinisation in¬ 
fluence of the AG/AH system very early in the development 
of a genetic male crustacean causes its undifferentiated AG 
tissue to develop into an ovary and the animal becomes a 
neo-female. This is analogous to the sex-reversing effects 
of oestrogens in fish which feminise - i.e. remove - the 
testosterone production capability of the testes sexual an- 
lagen (see section 15.4.7) so that this tissue develops as an 
ovary and the genetic male becomes a neofemale under the 
influence of ovary-produced oestrogens. 


15.4.7 Crustacean sex determination 

The ‘female-as-a-developmental-default-state’ sexual de¬ 
velopment model is universal in crustaceans (Charniaux- 
Cotton & Payen 1985, 1988) and is the basis for de¬ 
veloping commercial sex ratio control technologies in 
Macrobrachium and other crustaceans. As a default state, 
the crustacean female sex develops in the absence of a 
male-determining genetic signal from a male genotype 
(Charniaux-Cotton & Payen 1985). If this signal is not re¬ 
ceived during a developmental ‘window’, in a longer ‘re¬ 
ceptive period’, the undifferentiated sexual anlagen (which 
consists of undifferentiated embryonic tissue that may 
be directed to develop into different organs and tissues 


depending on the type of genetic control) auto- 
differentiates into an ovary and the animal becomes a phe¬ 
notypic female. In crustacean genetic males, AG anlagen 
is induced by the male gene signal to differentiate into a 
functioning AG which produces the AH; this, in turn, first 
directs masculinisation and then maintains the male phe¬ 
notype (Nakamura 1992). Genetic females can be induced 
by exogenous AG/AH to develop an AG, which produces 
the AH needed to initiate and maintain a neomale capa¬ 
ble of siring all-female or female dominant progeny from 
crosses with a normal genetic female. Suzuki (1999) showed 
that in the isopod, exogenous native - i.e. from living bi¬ 
ological material - (‘nAH’) is not the actual genetic signal 
itself, but it can completely sex-reverse a genetic female into 
a reproductively competent neomale capable of siring all¬ 
female progeny if the nAH is delivered during the receptive 
period window. When the nAH is delivered outside this 
window, but during the receptive period, incomplete neo¬ 
male masculinisation (i.e. animals display both male and 
female characteristics) results, but the neomale cannot sire 
progeny. Removal of the AG very early in the development 
of sexually immature males causes them to revert to re¬ 
productively competent neofemales capable of producing 
all-male progeny (Sagi & Cohen 1990). Similar critical peri¬ 
ods for androgen-inducible sex differentiation in fish have 
been found (Blazquez et al. 2001). 


15.4.8 All-male prawn culture 

The early attempts at all-male M. rosenbergii culture were 
carried out in small-scale cage culture systems (Cohen etal. 
1981; Sagi et al. 1986) and involved the manual sexing of 
populations prior to stocking. This procedure requires skil¬ 
ful workers and is labour-intensive, so it is not practical 
under most commercial conditions (Chapters 9 and 17). 
In the 50-day study of Sagi et al. (1986), the all-male pop¬ 
ulation yielded 473 g/m 2 , whereas an all-female popula¬ 
tion and a mixed population produced 248 and 260 g/m 2 , 
respectively. Under all-male stocking, the total yield was 
higher and prawns reached market size at a faster rate, pro¬ 
longing the fresh product marketing period and permitting 
the use of the vacant pond for further production. Follow¬ 
ing this small-scale cage experiment, monosex culture was 
evaluated under more intensive prawn monoculture con¬ 
ditions in earthen ponds, and similar results were achieved 
(Cohen etal. 1988). Total marketable yields, average weight, 
calculated income per unit area and time to harvest were su¬ 
perior under all-male stocking. Monosex culture procedure 
was also tested in polyculture ponds (Hulata et al. 1988). 
However, although all-male stocking yielded an increase in 
net income, the conclusions of these studies were that the 
improvement in income was not sufficiently large to justify 
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manual sexing, and that an efficient way of producing all¬ 
male prawn monosex populations is therefore required, as 
Sagi & Aflalo (2005) recently proposed. 

15.4.9 All-female prawn culture 

Several a priori indicators suggest that all-female culture 
may be superior to all-male culture under high-density 
growth conditions. Firstly, the effect of prawn culture den¬ 
sity on mean weight is more pronounced in males than 
in females (Karplus et al. 1986) and males begin to lose 
their dominant, male-based production superiority in high 
density mixed-sex populations, while females display only 
moderate effects (Sandifer & Smith 1975; Cohen et al. 
1981; Smith et al. 1981. Sandifer et al. 1982; Karplus et al. 
1986; D’Abramo et al. 1989; Daniels et al. 1995; Siddiqui 
et al. 1997). Secondly, there are more females that are larger 
than males: females have a higher mean size and greater 
numbers than the small male modal group (Chapter 16). 
Thirdly, female prawns are ‘shrimp-like’ and do not man¬ 
ifest a dominance hierarchy; therefore, they are ‘intensifi- 
able’ (i.e. able to be raised at high densities) while prawn 
males are not. Indeed, a striking similarity exists between 
the normal size distribution of the prawn female modal 
group (Chapter 16) and that of marine shrimp, which is 
normally distributed and not influenced by variable-sized 
male morphotypes. Indeed, marine shrimp can be ‘inten¬ 
sified’ (Sandifer et al. 1991) to produce high overall yields 
without loss of product value due to smaller individual sizes. 

Figure 15.4 shows a comparative analysis of the data of 
a monosex study in M. rosenbergii (Siddiqui et al. 1997) 
and the data from Sandifer et al. (1991) for the white- 
leg shrimp Litopenaeus vannamei. The latter is included to 
demonstrate that the rate of response to increasing density 
in prawn females is similar to that of this shrimp species 
while prawn males show the opposite; beyond a certain 
density, male prawns rapidly decrease in value. The curves 
in Figure 15.4 (top frame) clearly show that prawns display 
a female-superior sexually dimorphic rate of response to 
density. Specifically, as density increases, the mean size of 
females decreases at a much lower rate than that of males. 
Males do not do well at densities beyond 50/m 2 . Figure 
15.4 (bottom frame) illustrates the female-superior product 
value of intensive culture that results from the non-linear 
negative price-size relationship for prawn tail meat and fe¬ 
male superiority in processing yields of tail meat (Smith 
et al. 1980). Here, the visual, market-appealing male char¬ 
acteristics, large carapace, chelae (‘claws’) are at a disad¬ 
vantage because they contribute to a male-inferior sexually 
dimorphic processing yield. Recently Daniels et al. (2007) 
confirmed the results of the models presented in Figure 
15.4 under field conditions using in-pond cages (sensu Sagi 
et al. 1986), by observing that all-female prawns are supe¬ 


rior to all-male and mixed sexes at high density growing 
conditions. 

15.4.10 Use of the native AG/AH system 

Production of all-male or all-female progeny is currently 
restricted to the research level and relies on using the na¬ 
tive AG/AH material in surgical procedures that are too 
inefficient for commercialisation. The production of the 
neofemale dams needed to produce all-males relies on the 
cumbersome removal (‘ablation’) of the masculinisation 
effects of the AG tissue from sexually immature and very 
small (<1.5 cm) male hosts, which are difficult to sex by 
eye. Rungsin et al. (2006) report the most efficient success 
to date in surgical, ablation-based, neofemale production: 
8 of the 87 (9%) postlarval ablatees became neofemales 
and produced all-male offspring. Production of the neo¬ 
male parents needed to sire all-females relies on surgical 
implantation of the AG tissue into immature female hosts 
that are even smaller than the hosts ablated of their AG 
in the neofemale generated all-male production. Malecha 
etal. (1992a) produced 10 successful neomale sex-reversals 
out of 600 putative genetic females which were implanted 
with AG tissue. 

Assuming each neofemale or neomale will produce ap¬ 
proximately 5000 PL @ 10 000 spawned zoea larvae/dam 
and 50% survival from hatched zoea to PL, this output 
would stock approximately 833 nr/dam. At the sex-reversal 
success rate of approximately 9% reported by Rungsin et al. 
(2006), approximately 6020 ablations would be required to 
produce 602 reproductively competent neofemales to stock 
a 50 ha prawn farm. At the approximately 1.6% success 
rate reported by Malecha et al. (1992a), it would take over 
30 000 implantations to create the number of reproduc¬ 
tively competent neomales needed to sire the progeny to 
stock the 50 ha prawn farm. Clearly, the current use of the 
native AG/AH system in surgically-based ablation and im¬ 
plantation sex-reversal practice is prohibitively inefficient 
for widespread use in commercial prawn culture. 

15.4.11 Prawn sex reversal 

Monosex culture technology development based on the 
prawn AG/AH system is more advanced in M. rosenbergii 
than that among other sexually dimorphic commercially 
important crustacean species (due to progress in the areas 
described in sections 15.4.11.1-15.4.11.6 below). 

15.4.11.1 The androgenic gland (AG) is comparatively 
well described in prawns and other crustaceans 

Some studies focused on the AG itself, including Carpen¬ 
ter & DeRoos (1970), Thampy & John (1972, 1973), de 
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Fig. 15.4 Sexual dimorphism in rate of response to increasing culture densities in M. rosenbergii. 

Top frame: Regression analysis model of the ‘rate of response' to increasing density in prawn males and females (from 
Siddiqui etal. 1997) and marine shrimp mixed sexes (from Sandifer et at. 1991) showing projected female superiority 
at densities higher than 40/m 2 compared to prawn males was used to obtain a slope for the curves of each species 
shown. Curves for male prawns were extrapolated to the density of 100/m 2 which was shown to be an intensive 
production technology density for shrimp but never tested in prawns. 

Bottom frame: Economic analysis of rate of response shown in top frame showing product value of male and female 
prawns at different culture densities. Value for male and female prawn tail weights and processing yield tail weights 
obtained from Smith etal. (1980), converted to poundage and then multiplied by prices obtained from the Foodmarket 
Exchange.com website on 13/03/02. 


Carvahlo (1980), Veith & Malecha (1983), Mirajkar et al. 
(1984), Li 8c Li (1993), Alfaro (1994), Awari 8c Dube 
(1999) and Campos-Ramos et al. 2006. Other studies, 
by Thampy 8c John (1973), Sagi et al. (1990), Sun et al. 
(2000), Cubelio 8c Thampy (2002) and Okumura 8c Hara 
(2004), focused on the prawn AG structure and proper¬ 
ties and its relationship to external sex characteristics, in¬ 
cluding the prawn male morphotpyes (Chapter 16). The 
milestone work by Nagamine and colleagues (Nagamine 
8c Knight 1980; Nagamine et al. 1980a,b) should be con¬ 


sulted as a starting point in investigating the topic of prawn 
sex-reversal, which initiated the sex reversal work in M. 
rosenbergii. These investigations contain descriptions of the 
prawn AG and the effect of its implantation and ablation on 
sexual development. Also, Sagi and his colleagues have writ¬ 
ten several important reviews that address the importance 
of the AG/AH system in monosex prawn culture (Sagi 1988; 
Sagi et al. 1997; Sagi 8c Khalaila 2003; Sagi 8c Aflalo 2005). 

The AG is anatomically separate from the testes, which 
perform only a gametogenic function in crustaceans. The 
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Fig. 15.5 Dissected, ex situ, M. rosenbergii male re¬ 
productive system. (Reproduced with permission from 
Chow et al. 1982.) 

Bi-lateral vas deferens (VD) and androgenic gland, (ar¬ 
row) on periphery of the sperm ampoule. Testes are 
shown as convoluted mass upper right. 


prawn AG can be easily obtained as an intact organ because 
of its convenient location near the external surface of males 
on the spermatophore ampulle at the base of both vas def¬ 
erens (Fig. 15.5). Implants of living native AG tissue into 
genetic female hosts have been relatively successful because 
the open circulation system of prawns allows the implant 
to live for days in what essentially is a temporary organ cul¬ 
ture in the fluid of the haemocoel (the body cavity in which 
the AH-producing AG implant is usually placed). Analo¬ 
gous procedures in fish are not necessary, or as successful, 
because testosterone is readily available for purchase from 
biological and chemical suppliers. No such supply of AH 
exists, necessitating the use of AG gland themselves, cell 
free extracts of the AG, or (in the future) recombinant AH 
(rAH) biosynthesised in the laboratory for prawn sex rever¬ 
sal studies. Research will eventually result in an adequate 
supply of rAH based on isolation, sequencing and cloning 
of the prawn AH gene, as has been accomplished in the 
isopod (see section 15.4.12.2) or with native AH (nAH) 
isolated, concentrated and purified from cell free extracts 
of AG. These options are reviewed by and Sagi & Khalaila 
(2003) and Sagi & Aflalo (2005). 

Sun et al. (2000) characterised the developmental 
changes and polypeptide profile of the prawn AG using 
light and transmission electron microscopy and SDS PAGE 
analysis. They showed that total protein content, 4 puta¬ 
tive AH polypeptides (~16, ~18, ~23 and ~26Kd), total 
cell density and rough endoplasmic reticulum (indicative of 
high output protein synthesis) increased as the prawns de¬ 
veloped from a socially submissive ‘orange claw’ (OC) stage 


to a socially dominant BC stage. These studies support the 
success of the results from sex-reversal studies using sur¬ 
gically implanted AG from only large BC males (Malecha 
et al. 1992a,b; Malecha & Sun 2004). 

15.4.11.2 High potency androgenic glands (AGs) 
capable of causing progeny-producing ‘complete’ sex 
reversal can be obtained from male prawns 

A primary reason that progeny have been produced in the 
sex-reversed broodstock in only three crustacean groups 
(amphipods, isopods and prawns) to date is that high 
potency AGs have been obtained only from unique life 
forms in these species. In the isopod, researchers have used 
parasite-induced AG hypertrophication to obtain high po¬ 
tency AG/AH material for neomale masculinisation and AH 
analysis (Katakura & Hasegawa 1983). The non-infected 
isopod produced hypotrophied AGs, which were not as 
effective in inducing complete neomale sex reversal. Anal¬ 
ogously in prawns, Malecha et al. (1992a) used only the 
hypertrophied AGs from large, dominant BC males whose 
social status is controlled by the AG/AH system (Sagi et al. 
1990). Sun et al. (2000) showed that such AGs produced 
twice as much protein as similar, smaller hypotrophied 
glands from socially submissive OC, and OC-BC transi¬ 
tion males. The importance of having high potency AGs is 
shown in preliminary work (S. Malecha, pers. comm. 2008), 
which was unable to induce any masculinisation in the ma¬ 
rine shrimp Litopenaeus vannamei in response to AG/AH 
challenges using prawn protocols (Malecha et al. 1992a,b). 
The shrimp AG obtained from breeding males appeared 
small when compared to the hypertrophied prawn AG (Sun 
etal. 2000, Malecha et al. 1992a). Sagi et al (1997) and Sagi 
and Khalaila (2003) review the attempts to induce neomale 
masculinisation in other species. 

15.4.11.3 The receptive period in the early sexual 
developmental period when prawn hosts can be 
completely sex-reversed into reproductively 
competent parents is known 

Simply having, or removing, AG/AH material does not in¬ 
sure complete progeny-producing sex reversal, if the ap¬ 
plication or removal of this material does not challenge a 
potential sex-reversing host at the window in sexual devel¬ 
opment. Malecha et al. (1992a) used the direct correlation 
between the time of the AG/AH challenge and the degree 
of masculinisation in prawns (Fig. 15.6) to obtain complete 
sex reversal in genetic females. As shown in Figure 15.6, the 
AG/AH challenges that were delivered early in development 
induced complete masculinisation of neomales who sired 
offspring. The AG/AH challenges delivered slightly after this 
period induced complete anatomical masculinisation but 
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(See text for discussion). 


c Breeding Neomale. Testis only, retains GP3 

produces broods with all female or skewed sex ratio. 


, Non-Breeding Neomale. Testis only, retains GP3. 
shows male mating behaviour. 



, Non-Breeding Neomale. Ovo-testis, oviducts, 
retains GP3 


6.0 6.5-7.7 7.0 8.0 9.0 10.0 32.8 

SIZE AT IMPLANTATION (carapace length, mm) 


Fig. 15.6 The prawn ‘receptive period’. 

Diagrammatic interpretation of the relationship between size of genetic female prawn hosts sex-reversed into neoma¬ 
les with implants of androgenic gland tissue (nAG) and their ability to sire progeny. The prawn ‘receptive period' is the 
period in the development/growth of the prawn juvenile reflected in its size (x-axis) when exogenous nAG has been 
shown to cause a complete sex-reversal of the genetic female host into a reproductively competent/successful ‘breed¬ 
ing’ neomale, y-axis refers to a hypothetical ‘degree of masculinsation’ related to whether the neomale successfully 
sires progeny: ‘breeding’ refers to the fact that the neomale of the indicated size (‘SIZE AT IMPLANTATION’, x-axis) 
actually sired progeny. ‘Non breeding’ means that the neomale was not successful in siring progeny. Solid bracket 
labelled This study’ refers to the range of hosts used in Malecha etal. (1992a). Dotted bracket refers to the size range 
of female hosts used in Nagamine etal. (1980a). 


the neomales did not sire offspring. The AG/AH challenges 
delivered to larger (i.e. older) hosts resulted in reproduc¬ 
tively incompetent neomales and partial masculinisation. 
The latter is very useful in rapid bioassays because larger 
hosts sexed as female can be used. The neomales in the study 
by Nagamine et al. (1980b) showed only partial masculini¬ 
sation and were not reproductively competent because the 
AG tissue was transplanted into the female hosts that were 
past the receptive period window when complete (i.e. repro¬ 
ductively competent) neomale masculinisation will result. 
Similarly, the neofemales in Nagamine et al. (1980b), pro¬ 
duced from AG ablation, displayed only feminisation. Sagi 
& Cohen (1990) extended these studies by ablating genetic 
males during a developmental period when the hosts were 
receptive to complete neofemale feminisation capable of 
producing all-male progeny. 

15.4.11.4 There is direct hetero/homogametic sex 
determination in prawns 

Therefore, the AG/AH system can be the sole target in 
developing sex-reversal technology and the success in 


creating monosex prawn broods is not constrained by 
environmental sex determination (Freedber & Taylor 2007) 
or the complex genetic control found in other crustaceans 
(Legrand et al. 1987; Korpelainen 1990) and fish such as 
tilapia (Abucay et al. 1999; Beardmore, et al. 2001) and sea 
bass (Piferrer etal. 2005). Indeed, sex ratios in prawns and 
shrimp are consistently 1:1 in research and commercial 
populations with no evidence of an environmental influ¬ 
ence on sex development (Campos-Ramos et al. 2006). 
Cases of naturally occurring sex-reversed forms are rare 
in marine shrimp (‘hermaphrodites’ sensu Farfante & 
Robertson 1992) and have not been reported in prawns. 

Studies of chromosomes (karyology) can show evidence 
for sex chromosome hetero/homogamety (Niiyama 1959). 
No evidence of sex chromosomes is found in the prawn 
karyotype. A karyotype, a term not used much anymore 
due to more precise molecular, DNA/RNA-based profil¬ 
ing, is a photograph of a layout of all the chromosomes, 
stained for visibility and organised into pairs (Fig. 15.7). 
Qiu (1996) and Das & Lakra (1998) found a 2n = 118 
chromosome number in M. rosenbergii with no cytologi- 
cally distinguishable sex chromosomes. Likewise, Tarutani 
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Fig. 15.7 Chromosomes of M. rosenbergii. (Repro¬ 
duced with permission of Cathy Tarutani.) 

Top frame: metaphase spread. 

Bottom frame: karyotype showing 2n = 114 chromo¬ 
somes. 


(1979) found no evidence of sex chromosomes but observed 
a diploid 2n number of chromosomes of 114 (Fig. 15.7). In 
other prawn species, Qiu (1997) found that the diploid and 
haploid chromosome numbers are 100 and 50, respectively, 
in M. superbum. Lakra & Kumar (1995) revealed a modal 
diploid chromosome number of 2n = 104 in both M. idella 
and M. scabriculum. 

The type of hetero/homogametic sex determination in 
crustaceans can be deduced from observations of the sex 
ratios in progeny from crosses of normal and sex-reversed 
parents. This approach is reviewed by Legrand et al. (1987). 
Investigation with the isopod is a good example of this 
analysis. Katakura (1961,1984) sex-reversed genetic isopod 
females to reproductively competent neomales and mated 
them with normal males to obtain viable progeny in the 
ratio of 1:3 males (ZZ) to females (WZ, WW). Hasegawa & 
Katakura (1983) sex-reversed the WW females and mated 
them with normal males (ZZ) to produce all-female (WZ) 
progeny. 


Skewed sex ratios of progeny from matings of sex- 
reversed parents have been obtained in M. rosenbergii. Fig¬ 
ure 15.8 illustrates the results of the two original studies 
by Sagi & Cohen (1990) and Malecha et al. (1992a) that 
demonstrated the hetero/homogametic basis of sex deter¬ 
mination in M. rosenbergii from experimental crosses. As 
shown in the top of Figure 15.8, Sagi and Cohen (1990) 
mated sex-reversed neofemales with normal males and 
obtained 100% all-male progeny. This indicates that M. 
rosenbergii males are homogametic, ZZ, and implies that 
the most parsimonious explanation of the female genotype 
is that it is heterogametic, ZW. To determine whether fe¬ 
males are heterogametic, Malecha et al. (1992a), in a first 
cross, mated sex-reversed neomales with normal genetic fe¬ 
males and obtained an average of 1:3 males:females (25% 
males:75% females). This investigation confirmed the re¬ 
sults of Sagi & Cohen (1990) that M. rosenbergii males are 
homogametic, ZZ, and females are at least a ZW heteroga¬ 
metic form. The 75% females in the progeny obtained by 
Malecha et al. (1992a) suggests that some females were a 
homogametic, WW, genotype. This latter genotype is not 
found naturally in prawns or in other species that show 
ZZ/ZW homogametic/heterogametic and is only produced 
in crosses with sex-revered parents similar to the ones 
shown in Figure 15.8. The WW genotype is equivalent to a 
‘YY’ genotype obtained in sex-reversed crosses of ‘higher’ 
animals such as mammals and other vertebrates, including 
fish that show chromosomal XX/XY homo/heterogamety. 
In most of these species the YY genotype dies, altering the 
male:female sex ratios of the progeny accordingly. In some 
cases, as in medaka fish (Scholz etal. 2003) and in the gold¬ 
fish (Yamamoto 1975), the YY genotypes live and can be 
reproductively competent. In male heterogametic (XY) and 
female homogametic (XX) species, a viable YY genotype, 
while interesting, is not useful for generating all-males or 
all-females. In female heterogametics, like a ZW prawn fe¬ 
male, a viable WW is very useful if it can be identified prior 
to its use in matings with normal ZZ genotypes; this is 
because such matings will generate all ZW genotypes, and 
all-female monosex groups, the commercial goal. Such a 
heterogametic group is impossible to generate as a monosex 
progeny group from matings between the normal ZW and 
ZZ genotypes, because a ratio of 1:1 (ZZ:ZW, male:female) 
prawns will always result from these matings. 

Malecha etal. (1992a) performed a second cross (‘back- 
cross’) of the sex-reversed neomale (putative ZW) male 
parents with their female (putatively either ‘WW’ or ZW) 
progeny. These authors were not able to distinguish be¬ 
tween a female WW or ZW female genotype. The ability to 
distinguish between ‘sexual genotypes’ such as these is sine 
qua non for efficiently producing all-females by means of 
the crosses shown in Figure 15.8. The methods discussed 
in section 15.4.13.3 may allow this identification to become 




298 


Freshwater Prawns 


ALL-MALES (Sagi & Cohen 1990) 

ZZ -► ..-7-7.. X ZZ NORMAL MALE 


—* ,, zz .. 
NEOFEMALE 


AG out 1 or 
AH “inactivated” 2 


ALL-FEMALES 

(Malecha et al., (1992a) first cross) 5 

ZW -» ZW ” 

/ NEOMALE 


ZZ ALL-MALES 


X ZW 

NORMAL FEMALE 


AG in 3 

nAH or rAH in 4 


ZZ 

1 


ZW :“WW" 
2 


X ZZ 


10% MALES 


L_ 


: .ti \ 


NORMAL 

MALE 


~Y~ 
30% FEMALES 


ZW 

ALL-FEMALES 


(Malecha ef al., (1992a) back cross) 5 


(Future work) 


“ZW” X “If ZW" 
S^ZVT X "If WW” 


ZZ ZW WW 
1 : 2:1 
ZW WW 
1 : 1 


MALES:FEMALES 


5 (expected) 
6.5 (observed) 


Fig. 15.8 Interpretation of the hetero/homogametic basis of sex determination in M. rosenbergii from experimental 
crosses. 

Top frame: (‘ALL MALES’, after Sagi & Cohen 1990): mechanism for all-male production based on homogametic, ZZ, 
male sex determination. 1 (‘AG out’) refers to the removal (‘ablation’) of androgenic gland (AG) performed by Sagi & 
Cohen (1990) in genetic male hosts to produce the reproductively competent sex reversed, neofemale parents who 
were then mated, with normal genetic female parents to produce the ratio of males to females in the cross shown; 2 
refers to the possible (hypothetical) inactivation of the AG in future work discussed in section 15.4.13. 

Bottom frame: (‘ALL-FEMALES’ after Malecha et al. 1992a): Mechanism for all-female production based on normal 
heterogametic, ZW or sex-reversal-induced ‘WW’, female sex determination. 3 refers to the implantation of the AG 
into genetic female hosts performed by Malecha etal. (1992a) to produce the reproductively competent sex reversed 
neomale parents who were then mated with normal genetic male parents to produce the ratio of males to females in 
the first cross shown; 4 refers to the possible use of recombinant (rAH) developed in future work or improved use of 
native (nAH) androgenic hormone. 

Bottom section of figure: represents the progeny sex ratios in a second ‘backcross’ of the female progeny (who could 
have either been ZW or WW) with neomale (ZW) parents. A sex ratio of 1:5 males: females would be expected from 
a cross diagrammed as shown. Malecha et al. (1992a) observed an average sex ratio of 1:6.5 and hypothesised the 
existence of additional genetic factors in the female sex determination to account for this difference. The dotted areas 
refer to future work that must be done to generate all-females. 


possible in the future. As shown in Figure 15.8, the back- 
cross would be expected to produce a ratio of 1:2:1 for the 
ZZ:ZW:WW genotype if the females were ZW. If the female 
parents were WW genotypes, then the backcross would be 
expected to produce a ratio of 1:1, ZW:WW. These two pos¬ 
sibilities would lead to an overall ratio of malesifemales of 
1:5 (Fig. 15.8). Malecha et al. (1992a) obtained a ratio of 


1:65 males to females, leading these authors to hypothesise 
the existence of additional modifiers. 

15.4.11.5 The prawn androgenic hormone (AH) is 
probably a protein 

The amino acid sequence of this protein is co-linear with 
the AH gene DNA gene sequence. This finding is very 
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important because, once the AH protein is isolated, the 
prawn AH gene can be directly identified from the AH 
protein. In an unpublished preliminary study (S. Malecha, 
pers. comm. 2008) analyzed prawn AG extracts and showed, 
through bioassay (Malecha & Sun 2004), that the prawn AH 
is probably a small (<30 Kd), non-polar protein. These re¬ 
sults particularly fit well with the results for the AH found 
in the isopod (Ohira et al. 2003), and set the stage to move 
into more sophisticated protein characterisation and pu¬ 
rification methods. Zhang et al. (2000) characterised what 
they describe as an ‘isopoda AGH’ (after ‘androgenic gland 
hormone’) in prawns as having a protein molecular density 
of 18 Kd, the same density that Sun et al. (2000) found in 
one of the high output BC male prawn AG proteins. In 
addition, Narken et al. (2006) claim to have purified the 
prawn AH, which they describe as having a molecular mass 
of 10.2 Kd. However, neither of these studies used a bioassay 
to confirm androgenic activity of the protein they claim to 
be the AH. More work is needed to definitively identify a 
prawn AH protein, through bioassay, as described later in 
this chapter (see section 15.4.13). 

15.4.11.6 A bioassay for the prawn androgenic 
hormone (AH) has been developed 

Malecha & Sun (2004) identified hypertrophied AGs with 
high AH-output collected from large male prawns in the 
socially dominant class as described by Sun et al. (2000). 
These glands were used to develop a bioassay for prawn AH 
activity through short-term culture of living AG explants 
that produce bioactive AH in the biological media sur¬ 
rounding them. Injection of the media into genetic female 
hosts results in the masculinisation of the second pleopod of 
the hosts that displays the male appendix masculina (AM) 
in subsequent moulting (Fig. 15.9). The AM is the first 
male sex characteristic to appear in normal and neomale 
masculinisation (Tombes & Foster 1979; Nagamine et al. 
1980a,b; Suzuki & Yamasaki 1995). The AM is used in iso¬ 
pod in vivo AH bioassays to indicate bioactive AH (Okuno 
et al. 1999; Sagi & Khalaila 2003; Sagi & Aflalo 2005). 

15.4.12 Use of biotechnology 
15.4.12.1 Overview 

Sagi & Aflalo (2005) first noted the potential of manipu¬ 
lating the AG/AH system on a molecular and genic level 
to develop monosex prawn culture technology. This ap¬ 
proach starts with isolating, characterising and cloning the 
male sex-determining AH protein and then cloning its 
gene. Bioactive native AH (nAH) must first be identified 
by bioassay and then amino acid-sequenced to identify and 
clone nAH cDNA. cDNA; a laboratory synthesised copy of 



Fig. 15.9 Bioassay indicators for the M. rosenbergii an¬ 
drogenic hormone (AH). (Reproduced with permission 
from Malecha & Sun 2004) 

Development sequence of the male appendix masculina 
(AM) on the second pleopod in a genetic female prawn 
host injected with cell-free media containing the AH that 
was produced (‘secreted’) from ex-plants of the andro¬ 
genic gland (AG) placed into the media. 

A. AM bud (‘b’) formation after the first post injection 
moult. 

B. Growing, immature, AM following second post injec¬ 
tion moult. 

C. AM formation after third post injection moult. 

D. Fully formed AM in neofemale adult, ‘ai’ = appendix 
interna found in both males and females, ‘endo’ = en- 
dopodite, 


the biological DNA of a gene, is used to study structure 
and function. This basic effort must be followed by proof- 
of-concept work that results in a prototype commercial 
system. 

If all-female culture is the goal, the prototype system 
must produce all-females from the mating of genetic fe¬ 
males that are efficiently sex-reversed into neomales for 
commercial practice. This depends on an efficient system 
that produces bioactive, high potency, recombinant andro¬ 
genic hormone (rAH) delivered to genetic female hosts. 
The word ‘recombinant’ refers to the fact that the material 
is made in the laboratory using biotechnological techniques 
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that rely on the ‘recombination’ of a synthesised gene (e.g. 
AH) and a ‘vector’, usually a virus, into which the gene is 
inserted so that it may be conveyed within the vector into a 
microbe; then, the microbe’s own genetic system is used to 
make quantities of the ‘recombinant’ product (e.g. raH) in 
addition to other products made from the microbe’s own 
genes. 

If all-male culture is the goal, sex-reversed neofemales 
must be produced from genetic male hosts, whose AG/AH 
system has been effectively rendered inoperative in ge¬ 
netic males. This ‘downregulation’ is equivalent to surgical 
removal (ablation) of the AG tissue, which causes com¬ 
plete sex-reversal of genetic males into neofemales capa¬ 
ble of mating with normal genetic males who sire all-male 
progeny. 

For both all-male and all-female commercial culture, the 
hosts must be accurately sexed, to an accuracy of nearly 
100%, in large numbers using an improved sexing method 
(see section 15.4.13.3) so that hosts can display a‘high’ (80— 
90%) ‘sex-reversal rate’ and ‘mating success rate’. Therefore, 
for example, in all-female culture, 80 to 90% of the genetic 
female hosts that are challenged should completely sex- 
reverse into fully reproductively competent neomale par¬ 
ents, and 80-90% of these should sire all-female or female- 
dominant progeny, as expected from the results of the work 
ofMalecha etal. (1992a). 

15.4.12.2 The isopod model 

Fortunately, advancing the biotechnological approach in 
monosex prawn culture can be based on the successful 
work with the non-commercial micro-crustacean isopod 
Armadillidium vulgare. Building on early sex-reversal work 
in this species (Katakura 1961, 1984, 1989; Katakura & 
Hasegawa 1983; Katakura et al. 1975), French (Martin 
et al. 1998, 1999) and Japanese (Ohira et al. 2003; Okuno 
et al. 1997, 1999, 2001, 2002) investigations have identi¬ 
fied, cloned and produced recombinant isopod AH. The 
isopod AH is a heterodimer consisting of A and B chains 
interlinked by disulphide bonds that is post-translationally 
processed from its precursor form. The precursor form 
consists of 123 amino acids, excluding a signal peptide, and 
after processing resulting in 73 amino acids with molecu¬ 
lar weight of 11-13 Kd. The A chain appears to have one 
glycosylation site. Recently Ohira et al. (2003) used iso¬ 
pod AH DNA gene sequences to clone AH gene sequences 
in the related micro-crustaceans Porcellio scaber and P. di- 
lataus. Sequence comparison revealed 75 to 82% homology 
to that of A. vulgare AH. Most importantly for the consider¬ 
ation of biotechnologically-based monosex prawn culture 
technology development is the fact that a bioactive recombi¬ 
nant isopod AH has been produced (rAH) using a bacterial 
biosynthesis system (Okuno etal. 2002). 


15.4.13 Needed future work 

Sagi & Aflalo (2005) show three basic avenues (options) 
for creating monosex populations: hand sexing of juvenile 
prawns, the use of prawn native AG/AH material, and the 
use of bioactive molecules and biotechnology. Within each 
of these options research advances are needed in the fol¬ 
lowing areas (see sections 15.4.13.1-15.4.13.7) in order to 
develop commercial monosex prawn culture technology. 

15.4.13.1 Improved use of native AG/AH material 

Aflalo et al. (2006) proposed a two-step method to over¬ 
come the inefficiencies of identifying sexually immature 
genetic male hosts that are to be sex-reversed into neofe¬ 
males for producing all-male progeny. These authors ab¬ 
lated the AG anlagen tissue from larger, more easily identi¬ 
fied, genetic males at ages 25 to 60 days post-metamorphosis 
(PL 25 _ 6 o) and tolerated the low (1.3%) rate of complete ne¬ 
ofemale sex-reversal due the application of the procedure 
beyond the receptive period. In a second step this work 
targeted, for AG ablation, the all-male progeny that re¬ 
sulted from mating of the neofemale dams with normal 
male sires. Overall, the approach of these authors is, in 
effect, an improved method of sexing. More efficient meth¬ 
ods that could eliminate the cumbersome second step (see 
section 15.4.13.3) are needed. 

Some evidence indicates that the use of cell-free prepara¬ 
tions of the prawn AG can improve the efficiency of neomale 
masculinisation in all-female prawn culture. Malecha et al. 
(1992b) reported 2 positive neomale sex-reversals out of 30 
(6.7%) hosts injected with either lyophilised cell-free ex¬ 
tracts of the AG or the saline media in which living AG had 
been placed. Similarly, Malecha & Sun (2004) reported 6 
positive neomale sex-reversals out of 9 (67%) injected with 
similar media. This result compared with 50% neomale sex 
reversals (8 out of 16) using implanted AG tissue. Malecha 
et al. (1992a) and Malecha & Sun (2004) used hosts to de¬ 
velop a bioassay method for the AH, rather than produce 
all-females from completely neomale masculinated brood- 
stock. Therefore, the level at which native AH can be used 
in commercial prawn culture, according to the manner de¬ 
scribed by these authors, is unclear. 

15.4.13.2 Improved bioassay for the prawn 
androgenic hormone (AH) 

The current bioassay method for the prawn AH is accurate 
and has identified bioactive AG/AH material (Malecha & 
Sun 2004) but it is very slow. Masculinising effects of exoge¬ 
nous AH appear 4 to 6 weeks later as an appendix masculina 
bud in injectees (Fig. 15.9; Malecha & Sun 2004). This inef¬ 
ficiency needs to be improved if bioactive nAH and its gene 
are to be isolated, sequenced, and cloned and rAH timely 
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bioassayed. A promising area where this improvement can 
be accomplished focuses on taking advantage of the effect of 
the AG on ovarian activity in vivo (Nagamine et al. 1980b; 
Joshi et al. 1982; Suzuki 2000). In vitro bioassay systems 
that use this inhibitor effect can be developed. Indeed, the 
crustacean ovary can be maintained as explants in in vitro 
systems. Fainzilber et al. (1982) used ovary depressed pro¬ 
tein synthesis in marine shrimp ovary explants to show 
the effect of exogenous materials on marine shrimp. Sim¬ 
ilarly, Zapata et al. (2003) studied the effect of hormones 
on crab ovary in vitro. The prawn ovary growth cycle and 
ovarian protein synthesis are well described (Damronphol 
etal. 1991; Chang & Shih 1995; Sagi et al. 1995; Meeratana 
& Sobhon 2007) and could be targeted for developing a 
more efficient prawn AH bioassay system, as already ac¬ 
complished in crabs (Chui et al. 2005). 

15.4.13.3 Molecular sexing 

Commercial monosex prawn technology will rely heavily 
on the rapid and accurate sexing of immature juveniles. 
Sexing is to be done with anatomically similar, but very 
small and hard-to-sex-by-eye, animals that are to be chal¬ 
lenged with AG/AH application or removal (AG/AH chal- 
lengees’) or between anatomically identical juveniles that 
have different sexual genotypes, such as the WW and ZW 
females in second crosses to generate all-females (Fig. 15.8) 
or between the antisense-produced ZW neofemales (see 
section 15.4.13.7) and normal ZW females. Currently, sex¬ 
ing by eye is the only option for identifying the AG/AH 
challengees and ‘miss-sexing’ is common. Similarly, distin¬ 
guishing the sexual genotypes can only be accomplished 
currently by progeny testing. Progeny testing identifies the 
genetic nature of a parent by observing the performance of 
the parent’s progeny. For female prawns, the ratio of males 
and females in the female’s progeny (the progeny’s ‘perfor¬ 
mance’) can determine whether the female is a WW or ZW 
genotype (the parent’s genetic nature) (Fig. 15.8). Clearly, a 
more efficient sexing method for these life forms is needed. 

One approach that shows promise to overcome this 
problem is molecular sexing (Griffiths 2000) using ei¬ 
ther ‘random amplified polymorphic DNA’ (RAPD) (Liu 
2007) or ‘amplified polymorphism fragment length’ (AFLP) 
(Bachem et al. 1998) molecular markers. Both RAPDs and 
AFLPs are segments of DNA, each produced by slightly 
different procedures that digest the DNA of an organism, 
amplify these DNA lengths by PCR analysis, and reveal 
the amplified products on gels. They are used to compare 
the DNA profiles of putatively different genetic groups like 
species and populations (for taxonomic purposes), breeds 
and sexes. Each of these groups can have characteristically 
distinct DNA fragment length profiles and, in the case of 
sexes, may differ by only one fragment (Fig. 15.10). RAPDS 
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Fig. 15.10 Molecular sex marker. 

SDS-Page gel of DNA fragments from pleopod muscle 
tissue generated by RAPD and amplified by PCR. Lane 
1: Molecular size marker. Lanes 2 and 3 (arrow) RAPD 
fragment unique to male marine shrimp, Litopenaeus 
vartnamei. Lanes 4-11 RAPD fragments from females. 


have been used to rapidly identify the sexes of fish (Dinesh 
etal. 1995), including in all-female salmon culture, thereby 
precluding the need for progeny testing (Devlin et al. 1991, 
1994). AFLPs have been used to identify the sexes in hard- 
to-sex-by-eye species such as birds (Griffiths etal. 1998) and 
fish such as the sole (Chen et al. 2007), stickleback (Grif¬ 
fith et al. 2000), the medaka (Matsuda et al. 1997), trout 
(Iturra etal. 1997; Felip etal. 2005) and pufferfish (Cui etal. 
2006). Some species did not display sex markers after anal¬ 
ysis (McGowan & Davidson 1998; Li et al. 2002; Sriphairo 
etal. 2007). In crustaceans, Nguyen & Austin (2004) devel¬ 
oped RAPD markers in a crayfish. Li et al. (2003) found a 
sex-linked AFLP marker that mapped on the maternal, but 
not the paternal, linkage map of other AFLPs in the kuruma 
shrimp. Figure 15.10 shows an example of a RAPD molec¬ 
ular marker that distinguishes the male from the female 
marine shrimp (S. Malecha, pers. comm. 2008). 

The advantage of sexing by molecular marker is several¬ 
fold. Once a molecular marker has been developed, its pres¬ 
ence is 100% accurate in discriminating the sexes or the sex 
genotypes. Moreover, the RAPD and AFLP analyses rely 
on PCR amplification of the sex marker sequence so, for 
example, only a very small amount of tissue in a single 
pleopod obtained from sexually indistinguishable juveniles 
(1-3 cm) is required. Finally, molecular marker determi¬ 
nation can be rapidly applied to a large number of ani¬ 
mals and is readily adaptive to commercial conditions. The 
entire molecular sexing process, involving hundreds of 
prawn juveniles, could be accomplished in a few hours using 
standard laboratory equipment. 
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15.4.13.4 Cloning the prawn androgenic hormone 
(AH) gene 

The prawn AH gene needs to be sequenced and cloned as the 
basis for developing biotechnologically-based all-male and 
all-female prawn culture technology. This success will lead 
to the development of recombinant expression systems for 
producing rAH and systems for delivering bioactive rAH for 
all-female culture technology (see section 15.4.13.5) andfor 
producing antisense RNA interference materials to ‘silence’ 
the AH gene in the development of all-male culture tech¬ 
nology. Sagi & Khalaila (2003) suggested that the isopod 
AH cDNA sequences may be used to develop probes for the 
prawn AH cDNA. Malecha (pers. comm. 2008) attempted 
to identify native shrimp and prawn AH mRNA expres¬ 
sion using Northern Blot analyses with probes derived from 
AH cDNA of the terrestrial isopod Armadillidium vulgare 
(Okuno et ad. 1999). The probes failed to bind any spe¬ 
cific band in Northern analyses. Thus, nAH may need to 
be isolated and sequenced in order to clone the prawn AH 
gene. Firstly, a putative AG protein must be isolated and 
bioassayed as a positive AH protein, then the amino acid 
sequence in its N-terminus can be determined. From this, 
a prawn AG cDNA library can be constructed and screened 
for the full length AH cDNA, which can then be isolated 
and cloned. 

15.4.13.5 Production of recombinant androgenic 
hormone (rAH) 

In order to develop commercial all-female culture technol¬ 
ogy, research must lead to the development of a system 
that produces a bioactive rAH that is delivered efficiently 
to large numbers of potential sex reversed broodstock that 
have been sexed with nearly 100% accuracy. This work can 
be based on the isopod model (see section 15.4.12.2) and 
will include the following: 

• The development of a ‘promoter’ DNA sequence that 
will initiate the synthesis of the AH protein product in a 
‘construct’, the DNA sequence of the target AH gene. Also 
included is development of the prawn AH construct itself. 
A ‘construct’ is a short piece of DNA that is laboratory 
made and inserted into a ‘vector’ (usually a virus) that 
infects a microbe causing the genes within the construct 
to function as if they were the microbes own genes. The 
microbes became a bioreactor for the ‘biosynthesis’ of 
the target gene product, in this case rAH. The construct 
consists of the target gene sequence itself (i.e. the AH 
gene), a promoter and the important sequences needed 
to make the system work. Moav et al. (1992) reviews the 
concept of promoter selection in farmed fish. Sun et al. 
(2002) developed shrimp beta-actin and actin promoters 


for use in genetic transformation technology in marine 
shrimp and other species. 

• An appropriate microbe system that properly ‘post- 
transcriptionally’ modifies the rAH protein gene product 
(‘transcript’) into a bioactive form, including methods 
to insert the AH construct into the biosynthetic microbe 
and systems for isolating, purifying and concentrating the 
rAH into a form for commercial use. ‘Post transcription’ 
refers to normal cellular processes that modify a gene 
product, commonly a protein, into a functional three- 
dimensional form. This occurs after the gene product has 
been synthesised from its components into a correct lin¬ 
ear sequence by the process of ‘transcribing’ the linear 
DNA sequence into a co-linear amino sequence of the 
protein. Following her characterising of a moult inhibit¬ 
ing hormone (MIH) in shrimp (Sun 1994, 1995, 1997) 
developed techniques to biosynthesise the shrimp MIH 
at a concentration of 130mg/L of growth media using 
a yeast vector. This concentration is sufficient for com¬ 
mercial development if approximately 180 mg/injection 
is assumed to be needed to produce sex reversed brood- 
stock (Katakura et al. 1975). Similarly, Okuno et al. (2002) 
developed an E. coli system that biosynthesised bioactive 
isopod AH. 

15.4.13.6 An efficient system of delivering the rAH for 
commercial application 

The rAH must be delivered efficiently to large numbers 
of potential sex-reversed broodstock that have been 
sexed with nearly 100% accuracy once a purified rAH is 
produced. Also, the rAH must be efficiently delivered to 
numerous female host broodstock during a very short 
development window period to effect a sex-reversal rate 
suitable for commercial application. Hand injection with 
micro-syringes (Malecha etal. 1992b; Malecha & Sun 2004) 
is effective, but slow. A more efficient AH delivery system 
is needed and two possible options present themselves, the 
use of micro-injectors or micro-encapsulation in feeds. 

The encapsulation of chemicals and biological materials 
in natural carrier polymers has proven to be of great use in 
a variety of scientific and industrial applications (Murano 
1998). Micro-encapsulation technology is well developed 
for delivery of pharmaceuticals in human medicine (Salib 
et al. 1986; Alex & Bodmeier 1990; Ribeiro et al. 1999; 
Beyger & Nairn 2006) and aquaculture feeds (Moller et al. 
1979), including those for shrimp (Jones et al. 1987; see 
also Chapter 6). A number of studies have shown that it is 
possible to apply enteric coated microcapsule technology in 
fish (Wong etal. 1992; Piganelli et al. 1994; Nagai & Fujino 
1995; Hara 2001). This coating barrier technology is well- 
developed in humans for protein hormone delivery through 
control of release at the location in the digestive system 
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where it is intended to be absorbed (Park & Mrsny 2000). 
Enteric coating of a wide array of substances is carried 
out (e.g. www.idealcures.eom/index.html#aboutus; www. 
pharma-excipients.com/aqueous-enteric-coating-polymer 
.html) and has the potential of application to the delivery 
of the AH protein that must be protected from protease 
digestion in the prawn foregut. 

Delivery of the bioactive rAH can also be accomplished 
using a micro-injection technique that is well developed in 
the biotechnology research and development industry as 
one option among many (Wall 2002), for the transfer of 
genes and genes products. Li & Tsai (2000) used micro¬ 
injection to transfer genes into prawn spermatophores. 
McMahon et al. (2002) used a pneumatic micro-injector 
to inject dyes and pharmacological agents into the pericar¬ 
dial cavity of single shrimp larvae. Indeed, Sun et al. (2005) 
showed that a pneumatic micro-injector is very effective in 
rapidly delivering aqueous solutions to shrimp life forms 
as small as individual ova. The preliminary work, which 
led to the study by Sun et al. (2005), showed that scores of 
juvenile shrimp can be injected per hour with test aqueous 
solutions (S. Malecha, pers. comm. 2008). These life forms 
are similar in size (1-3 cm) to prawn juveniles that serve as 
hosts for rAH challenges to sex-reverse them. Throughput 
rates of about 100 to 200 injectees/day are possible with 
pneumatic micro-injectors and sine qua non for neofemale 
broodstock production by commercial broodstock suppli¬ 
ers (see section 15.4.15.3). 

15.4.13.7 Downregulating the prawn AG/AH system 

Improvements in the labour-intensive techniques for re¬ 
moval of the native AG/AH systems in genetic males (see 
section 15.4.13.1) has potential only in regions where inex¬ 
pensive labour is available. For other areas, labour-sparing 
methods, most probably those using biotechnology, must 
be developed. One such potential approach is based on 
RNA interference technology (Kumar & Carmichael 1998; 
Zamore & Haley 2005). 

RNA interference (‘RNAi’, also known as ‘gene silencing’ 
and ‘gene knockdown’) technology uses ‘siRNAs’ (short 
interference RNAs), which are smaller molecules cleaved 
from longer double stranded RNAs (‘dsRNA’) made in the 
laboratory by the cell’s natural RNAi system. The dsRNAs 
have nucleotide sequences that are complementary to the 
DNA sequence of the cloned target gene. After cleavage, the 
siRNAs consist of a nucleotide sequence that represents an 
‘antisense’ sequence of one of the DNA strands of the target 
gene (the ‘sense’ sequence of the double stranded DNA is 
the actual gene). The antisense siRNA sequence (e.g. in 
an ‘AH-siRNA’) pairs with a section of the sense sequence 
of the mRNA transcript of the target gene and renders it 
unable to be ‘translated’ into protein. This technology has 


been shown in many species to have application in studies 
of gene function, disrupting undesirable genetic traits, and 
disease therapy. 

In prawns, RNA interference technology could target the 
AH gene, rendering it non-functional in genetic males that 
would then sex-reverse into neofemales based on the female 
being a default state model of sex determination. If a male 
genotype (i.e. the AH gene) signal is not received during the 
receptive period, the sexual anlagen tissue will autodiffer- 
entiate into an ovary and the animal will become a female 
(neofemale), regardless of its sexual genotype. The neofe¬ 
males could then be used to produce all-males (Fig. 15.8). 

Lu & Sun (2005) and Wu et al. (2007) demonstrated 
that transgenic shrimp, which stably express an antisense 
transcript from the Tara Syndrome Virus (TSV) gene, are 
partially resistant to TSV infection, a very important finding 
for commercial shrimp farming. Hu et al. (2007) applied 
the RNA interference approach to inhibit gene expression of 
the gonadal releasing hormone (GnRH) in common carp 
(Cyprinus carpio), causing a significant reduction in go¬ 
nadal development. Boonanuntanasarn et al. (2004) and 
Uzbekova et al. (2000) used gene knockdown techniques to 
interfere with gene expression in transgenic rainbow trout 
and showed this technology may be useful for examining 
the roles of selected genes and disrupting expression dur¬ 
ing embryonic development of other salmonid fish. RNA 
interference-gene silencing has been demonstrated in other 
aquatic species such as the zebra fish (Dodd et al. 2004), sea 
anemone (Dunn etal. 2007) and rotifer (Shearer etal. 2007). 

Several successful methods to deliver interference RNAs 
into living whole organisms have been developed (Flynn 
et al. 2004). Indeed RNA interference-gene silencing was 
discovered in in vivo , whole animal, systems where exoge¬ 
nous RNAi material was injected into the body cavity and 
gonads of a nematode worm (Fire et al. 1998). Since this 
early work, ingestion (Timmons et al. 2001), whole body 
immersion (Tabara etal. 1998), injection of embryos (Dodd 
et al. 2004), and transfection, lipofection and electropora¬ 
tion (Shearer & Snell 2007) have been shown to effectively 
deliver interference RNAs to living organisms. 

An advantage of the use of RNAi in prawn monosex cul¬ 
ture technology is that only a localised gene silencing effect 
on a target tissue (e.g. the prawn AG anlagen) is needed 
for the short developmental window time period of the 
prawn AG anlagen. This benefit allows local administra¬ 
tion of a ‘pulse’ of the exogenous interference RNAs, either 
the longer dsRNAs or modified siRNAs containing only the 
antisense sequence, thereby avoiding the need to make a 
complicated transgenic construct. The latter normally con¬ 
tains the interference RNA and promoter sequences that 
must be inserted into the prawn genome by a plasmid 
or virus vector to effect ongoing action throughout the 
life of the animal and its progeny. Due to this advantage, 
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a prawn challenged with interference RNAs does not be¬ 
come a market refractory genetically modified organism 
(GMO). The RNA interference response has been shown to 
be induced by localised administration into specific body 
tissue in the burgeoning field of RNA interference-based 
drug therapeutics (Soutschek etal. 2004). Dorn etal. (2004) 
successfully delivered siRNAs into the brains of rats to sig¬ 
nificantly inhibit the neuropathic pain response. In another 
study, Li etal. (2005) demonstrated the validity of intranasal 
delivery of siRNAs to the lung. In a dramatic case in recent 
years, siRNAs were injected into the eyes of mice to re¬ 
duce angiogenesis (Reich et al. 2003) and pave the way for 
clinical trials of RNA interference drugs to relive macular 
degradation in humans. 

To date, no RNA interference system has been developed 
in prawns. Yin & Yang (2007) did find a naturally occurring 
anti-sense RNA system in the regulatory system for the 
allostatin gene expression in prawns. However, whether the 
prawn AH system has such a downregulator is not known, 
but the allostatin targets reproductive function in other 
arthropods (Martin etal. 1998) and its gene has been cloned 
(Donly etal. 1993). Research in prawn AH gene knockdown 
technology will involve synthesising dsRNAs from the sense 
sequence of the AH gene and developing protocols for their 
administration and testing. 

15.4.14 Other approaches 

The foregoing discussion has focused on the manipulation 
of the prawn AG/AH system for the production of mono¬ 
sex broods. Other approaches have been researched. Ohs 
et al. (2006) fed diets containing dopamine to PL and pro¬ 
duced a significantly larger number of female juveniles as 
compared to control juveniles. Dopamine is a powerful bio¬ 
genic amine that is found in the crustacean nervous system 
and functions as a neurotransmitter and neuroregulator 
(Fingerman et al. 1994). No further investigation was con¬ 
ducted to determine whether the increased number of fe¬ 
males in the Ohs et al. (2006) study actually included ne¬ 
ofemales or whether the females in the female-dominant 
treatment population were normal genetic females. Also, 
it is unclear which sexual developmental pathway was tar¬ 
geted by the dopamine effector. If dopamine treatment sim¬ 
ply caused more normal females to develop from sexually 
immature forms, then it would have limited use in the devel¬ 
opment of all-female culture technology. If this condition 
did result, then not enough females could be produced for 
commercial application and, more importantly, the females 
themselves would have limited market value as food animals 
because they would have been exposed to the dopamine, 
considered a drug, during their lifetime. On the other hand, 
if some of the females in the dopamine treated population 
were bona fide neofamales, then the dopamine treatment 


represents great potential once a molecular sex marker (see 
section 15.4.13.3) that can distinguish between a normal 
genetic female (ZW) and a dopamine-caused sex-reversed 
neofemale (ZZ) has been developed. The sex-reversed ne¬ 
ofemale (ZZ) could then be used directly in crosses with 
normal genetic males, ZZ, to produce all-males (Fig. 15.8). 
Research in this area should be pursued vigorously, because 
a rapid method to create neofemales would preclude the 
need to improve the use of ablation of native AG/AH and 
the need to develop the previously discussed complicated 
biotechnology-based procedures for commercial all-male 
culture. 

In another approach, Baghel et al. (2004) obtained over 
90% males in prawns grown from PL by feeding Artemia 
that had grown in the presence of the vertebrate steroid, 
methyl testosterone. It is uncertain which sexual develop¬ 
ment pathway was affected in this study, but the authors 
imply that the testosterone was being used like it is in fish. 
If this is true, then testosterone would have to be consid¬ 
ered the primary hormone effecting sexual development, a 
conclusion that directly contrasts with the thesis developed 
in this chapter and results obtained by other researchers 
(Pluem 2001). Nevertheless, assuming the male dominant 
population produced in the study was a bona fide result of 
sexual development alteration, the issue remains whether 
the males in the Baghel etal. (2004) study were genetic males 
as the authors imply, or a combination of genetic males and 
neomales. If testosterone treatment simply caused more 
normal males to develop from sexually immature forms, 
the males themselves would have limited market value as 
food animals because they were exposed to the testosterone 
drug during their lifetime. On the other hand, if some of 
the males in the testosterone-treated population were bona 
fide neomales, then the treatment would have some poten¬ 
tial in realising an all-female, not all-male, culture technol¬ 
ogy once a molecular sex marker (see above) that could 
distinguish between a normal genetic male (ZZ) and a 
testosterone-induced sex-reversed neomale (ZW) is devel¬ 
oped. The latter, of course, could be used in all-female 
generating crosses (Fig. 15.8). More research in this area 
is needed to confirm the results obtained and then eluci¬ 
date which crustacean sexual development pathway is so 
dramatically affected by a vertebrate steroid. 

15.4.15 Conclusions 

15.4.15.1 New prawn broodstock industry sector 

A new broodstock sector of the prawn culture industry, in¬ 
dependent of the commercial grow-out (aquaculture) sec¬ 
tor, is likely to emerge in the future to service prawn aqua- 
farms that use monosex culture. This condition is similar 
to the terrestrial livestock industry where the production 
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and sale of the genetically improved ‘germplasm’ is a sepa¬ 
rate and profitable industry sector. A separate broodstock 
supply sector has developed in the marine shrimp aqua¬ 
culture industry. Marine shrimp reach breeding status at a 
much larger size than is commonly harvested in produc¬ 
tion populations, and the threat of infection by the several 
marine shrimp viruses necessitates that broodstock be quar¬ 
antined at an early age to avoid vertical (parent to progeny) 
transmission of the virus. All these special needs demand 
separate and complex facilities for broodstock manage¬ 
ment beyond the capability of most marine shrimp pro¬ 
ducers. Consequently, a separate business sector supplying 
a value-added, ‘high health’, ‘specific pathogen-free’ (SPF) 
broodstock product has developed. Currently, the freshwa¬ 
ter prawn industry has no incentive to ‘sectorise’ in this 
way. Prawns naturally breed in commercial ponds. Gravid 
females emerge in regular commercial harvests from which 
they are transferred directly to hatcheries for rearing of the 
larvae that hatch from their eggs. Moreover, there is no ba¬ 
sis to develop value-added prawn broodstock. The ability 
to produce neomales and neofemales (‘neo-broodstock’) 
and their monosex PL (‘monosex seed’) will provide ap¬ 
propriate justification. Indeed, the inherent complexities of 
creating, maintaining and mating the sex-reversed prawn 
life forms are beyond the capabilities of the average prawn 
farm or their hatcheries. However, these businesses will 
experience increased yield benefit from their purchase of 
neo-broodstock and monosex seed. 

15.4.15.2 Economics of neo-broodstock and 
monosex seed 

Suppliers who will produce and sell neo-broodstock and 
monosex seed will emerge because their products trans¬ 
late into additional economic value as valued-added prod¬ 
ucts. The additional revenue (benefit) that neo-broodstock 
generates from harvested product sales is much higher 
than the additional purchase price (cost) of the neo- 
broodstock or monosex seed. A simple benefit-cost ratio 
analysis supports the latter statement. Results from mono¬ 
sex field studies, such as Sagi et al. 1986 (for all-male) and 
Daniels et al. (2007) for all-female culture, show that use 
of monosex stock can increase revenue by 30% over that 
realised through the use of mixed-sexed populations. Using 
a conservative assumption that current industry produc¬ 
tion is approximately 2000 kg/ha, a 30% increase repre¬ 
sents an extra 600 kg; at US$ 20/kg this translates into a 
US$ 1200/ha benefit. If the value-added prawn stock costs 
US$ 100/piece (a value estimated from the current range of 
quality and size-dependent purchase prices of value-added 
marine shrimp broodstock, US$ 50-500/piece), then the 
benefiticost ratio is 12:1. This extremely favourable ratio, 
along with the selling price of prawns of at least in the 


triple digits (US$/piece), will drive the development of a 
new prawn broodstock business sector. 

15.4.15.3 Technology transfer and industry 
materials flow 

Four new products will emerge in the marketplace of the 
prawn culture industry if the previously described technol¬ 
ogy is developed. They include monosex seed in the form of 
all-male and all-female PL and neo-broodstock in the form 
of neofemales and neomales. Figure 15.11 shows how these 
products will be created and distributed in a hypotheti¬ 
cal industry materials flow. It would not be surprising if 






Fig. 15.11 Future materials flow in a biotechnologically 
based monosex prawn broodstock industry. 

Research results in intellectual property (‘IP’) protected 
process for the biological manufacture of materials to 
‘upregulate’ the androgenic gland(AG)/androgenic hor- 
mone(AH) system, most probably recombinant rAH, and 
materials to ‘downregulate’ the AG/AH system using in¬ 
terference RNA technology, or similar process. ‘Molecu¬ 
lar sexing' distinguishes normal male and juvenile (PL) 
hosts for AG/AH challenges, WW females from normal 
ZW female genotypes for use in producing all-females 
and, the neofemale genotypes (‘ZZ') from normal female 
genotypes (ZW) for use in producing all-males. Four new 
products are produced for the new prawn broodstock in¬ 
dustry; two ‘neobroodstock’ products: neofemales and 
neomales and two ‘monosex.) 
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the existing marine shrimp broodstock sector begins to sell 
prawn monosex seed and neo-broodstock once the tech¬ 
nology is developed. Such a condition would favour the 
rapid technology transfer of prawn monosex culture tech¬ 
nology into the commercial industry. In as much as the tech¬ 
nology that creates neo-broodstock and monosex seed is 
biotechnology-based, transfer of this technology will proba¬ 
bly involve a combination of public domain and intellectual 
property-protected (patentable) technology (Malecha & 
Sun 2004; Sun etal. 2002). The patentable technology could 
be assembled and licensed from the inventors into technol¬ 
ogy packages by medium to large companies, such as agri¬ 
cultural pharmaceutical companies or aquaculture brood- 
stock companies that are developing biotechnology-based 
divisions and products. Separate broodstock companies 
would unlikely focus on the native AG/AH systems alone be¬ 
cause this approach would demand a considerable amount 
of new materials handling and an increase in staff and phys¬ 
ical facilities to address the additional burden of sexing an¬ 
imals by eye/hand and manipulating the host animals for 
cumbersome application or removal of AH material. 

Biotechnologically-based neo-broodstock and mono¬ 
sex seed production will involve the application of the 
proprietary materials and processes. These include rAH, 
interference RNAs, and other bioactive agents that target 
the prawn sexual development pathways and the molecular 
sexing materials, such as the PCR primers needed in RFLP 
and RAPD sex marker identification. These materials and 
processes will be developed, then intellectually property- 
protected, and their production licensed to businesses that 
either produce and sell them to the prawn broodstock in¬ 
dustry or use them in their own business. 

Neo-broodstock (neomales and neofemales) themselves 
can be produced with simple procedures once the materials 
and processes are available. Cost or materials handling will 
be similar to what the current shrimp industry broodstock 
suppliers incur in managing closed maturation shrimp 
broodstock, such as separate housing and husbandry for 
ablated females, PL rearing, etc. Moreover, the equipment 
needed to implement prawn monosex culture technology 
on a commercial level is not complicated. The tools, such as 
a PCR machine for molecular sexing, injection equipment 
of rAH delivery, feed manufacture, microscopes, etc., would 
occupy a footprint no more expansive than a desktop com¬ 
puter system. Most modern shrimp broodstock businesses 
already have such equipment. 
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The Biology and Management of 
Size Variation 

Ilan Karplus and Amir Sagi 


The wide range of sizes that develops in prawn populations 
and particularly in the males is a very typical characteristic 
of Macrobrachium rosenbergii culture and a major obstacle 
to increased profitability. Prawn prices are size dependent 
and those below a minimal size are often used as bait for fish 
or are discarded by the growers. Male populations are bi- 
or multi-modal and positively skewed, comprising a large 
fraction of small, unmarketable individuals and a fraction 
of large prawns. Early workers recognised obvious but only 
superficial parallels between the prawn growth pattern and 
that of the common carp, with its rapidly growing shoot 
carp or tobi-koi (Nakamura & Kasahara 1957). Removal 
of the shoot carp and of the large prawns leads to a rapid 
compensatory growth of the smaller animals. The prawn 
growth pattern is, however, much more complicated than 
that of the common carp. Prawn size variation actually re¬ 
flects a complex population structure, composed of three 
sexually mature male morphotypes (small male, orange 
claw male and blue claw male), which differ in their mor¬ 
phology, physiology and behaviour, and transform from 
one morphotype into another. Recent research has revealed 
that prawn growth is affected by a very early determination 
of the male developmental pathway, based on the juvenile 
relative size ranking. Prawn growth regulation - suppres¬ 
sion as well as enhancement - is achieved mainly by means 
of social interactions among individuals. 

In the tropics, with the traditional all-year culture sys¬ 
tem, size variation is only partly and inefficiently managed 
by the selective removal of large individuals, and the in¬ 
dustry does not realise its full potential. It is obvious that a 
major limiting factor for prawn culture is the prawn growth 
pattern. 

Many studies, including numerous MSc and PhD disser¬ 
tations related directly and indirectly to prawn size varia¬ 
tion, have been published. Research areas were extremely 
diverse (morphology, anatomy, physiology, biochemistry, 
ecology and social behaviour). In this review we have as¬ 
sembled pieces of information related to size variation, in 


order to try to solve the puzzle of the prawn’s complex 
growth pattern and to evaluate the strategies for its efficient 
management. 


16.1 Male morphotypes 

A general account of the morphology of M. rosenbergii is 
provided in Chapter 3. This section concentrates on the 
morphological characteristics of male prawns. 

16.1.1 External morphology 

Three distinct male morphotypes and several intermediate 
forms have been described for sexually mature M. rosen¬ 
bergii (Plate 3, facing p 254). The blue claw (BC) male, 
characterised by its extremely long claws, was the only male 
type of this species to be described during the early stud¬ 
ies of its biology (Rao 1965; Ling 1969b). A second type 
of male, a small runt with small claws was first described 
among pond populations (Fujimura & Okamoto 1972). 
These stunted small males (SM) were initially differenti¬ 
ated from the younger juveniles by their greater age. The 
third male type, the orange claw (OC) male, was described 
for the first time by Sandifer & Smith (1977), who em¬ 
phasised the golden colour of its claws and their length: 
30 to 70% shorter than those of BC males. Differentiation 
among the three male morphotypes in the initial studies 
on the structure of pond populations was based mainly on 
size, claw colour and the ratio of claw length to total length 
(Brody etal. 1980; Ra’anan 1982; Cohen & Ra’anan 1983). 

Kuris et al. (1987) provided an operational definition of 
male morphotypes by means of allometric growth tech¬ 
niques supplemented with observations of colour and 
spination. Transition from SM to the OC morphotype was 
gradual, and a recognisable intermediate form, the weak 
orange claw (WOC), was identified and differentiated from 
the SM and the strong orange claw (SOC). Mainly, the 
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Fig. 16.1 Relationship between log carapace length 
and log propodus length for male M. rosenbergii mor- 
photypes. (Reproduced with permission from Kuris et at. 
1987.) 

Key: BC = blue claw; SOC = strong orange claw; 
WOC = weak orange claw; SM = small male; UN = un¬ 
differentiated, juvenile male without appendix masculina. 
Solid lines are the upper and lower 90% predicted confi¬ 
dence limits of each male morphotype. 


relationship between the distal joints of the claw (i.e. propo¬ 
dus and carpus) and carapace length, used as a reference 
dimension, were analysed in order to study relative growth 
of the different male morphotypes. All four male morpho- 
types exhibited linear and highly correlated associations of 
the logarithmically transformed relationship of propodus 
and carpus length to carapace length. However, each mor¬ 
photype had a different combination of slope and intercept, 
which enabled a clear differentiation to be made among the 
morphotypes (Fig. 16.1). Spination was found to be a re¬ 
liable discriminator between BC and OC males: BC male 
spines are longer and more robust than those of OC males, 
and add, on average, 7% to the width of the propodus. Spine 
orientation is also different; BC male spines point distally 
at an angle of 60 to 75°, while those of the OC males form 
a more acute angle of 30 to 45°. Sagi & Ra’anan (1988) de¬ 
fined an additional intermediate form - the transforming 
orange claw (TOC) - representing the last stage of the SOC 
male before it transforms into the BC male. 


16.1.2 Internal morphology and physiology 

Most comparative studies on the anatomy and physiology of 
the male morphotypes focused on the reproductive system, 
because different reproductive strategies are adopted by 
different male morphotypes (Telecky 1982, 1984; Ra’anan 
& Sagi 1985; Sagi 1990). The male reproductive system 
in M. rosenbergii consists of a pair of testes, vasa defer- 
entia, ejaculatory ampullae and genital pores. The testes 
are whitish paired structures united at their anterior ends, 
which lie mid-dorsally in the cephalothorax and are com¬ 
posed of numerous branching spermatogenic lobules. The 
spermatogenic zone is located along the wall of each lobule 
and its lumen is filled with developing and mature sper¬ 
matozoa which are non-flagellated, non-motile and resem¬ 
ble everted umbrellas (Nagamine et al. 1980; Sandifer 8t 
Lynn 1980; Lynn & Clark 1983). The vasa deferentia are two 
symmetrical elongated tubes consisting of a short proximal 
portion attached to the testes, a long convoluted portion 
and a straight distal portion ending with the ejaculatory 
ampullae. This structure consists of an enlargement of the 
vas deferens encircled by a thick layer of transverse and lon¬ 
gitudinal muscles, and opening at the base of the fifth pere- 
opods. The walls of the vas deferens secrete both a basophilic 
protective matrix and an eosinophilic, adhesive, gelatinous 
matrix which, together with the sperm, compose the sper- 
matophore that is extruded at mating by the contraction of 
the muscles of the ejaculatory ampullae (Chow et al. 1982). 
Attached to each ampulla is the androgenic gland (AG) (see 
section 16.3.2). 

Detailed comparative studies of the structure of the re¬ 
productive system, testicular sperm production and storage 
have been carried out on the three major male morphotypes 
and two intermediate forms: the WOC and the TOC (Sagi 
& Ra’anan 1988; Sagi etal. 1988). The following parameters 
were compared: gonado-somatic index, length of the repro¬ 
ductive system relative to the carapace length, histology of 
the testes, in vitro sperm release during a 24-hour period 
of incubation and in vitro testicular [ 3 H]-thymidine in¬ 
corporation, which represents DNA synthesis. Similarly to 
the SM of other species, which use a sneak mating strategy 
(e.g. fish, Warner & Robertson 1978; Warner & Le Juenne 
1985), small M. rosenbergii males had a relatively large re¬ 
productive system (Sagi & Ra’anan 1988). The testes of SM 
were described as producers and storers of sperm. The high 
rate of spermatogenesis in the SM testes was revealed by 
the prominent multi-layered spermatogenic zone in their 
spermatogenic lobules and the high rate of [ 3 H] -thymidine 
incorporation. The sperm storage function of the gonad was 
revealed by both the presence of mature spermatozoa in the 
spermatogenic lobules lumen and the high rate of in vitro 
sperm release. The BC male testis serves mainly as a sperm 
reservoir; its low spermatogenic activity was reflected in the 
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low rate of [ 3 H]-thymidine incorporation and the almost 
complete lack of a spermatogenic layer in its testes. 

The three OC male forms (WOC, SOC and TOC) repre¬ 
sent a series of gradual changes in gonadal spermatogenic 
activity, in which several parallel processes take place. First, 
the abundance of mature sperm found in the SM testes 
declines, and the sperm almost disappears in the early OC 
stages. Concomitantly, the rate of spermatocyte production 
increases when the SM moults into the OC phase. An ad¬ 
ditional component of this complex process is moulting. 
The OC phase is characterised by frequent moulting, a pro¬ 
cess which has been shown to be strongly correlated with 
spermatogenesis (i.e. with [ 3 H]-thymidine incorporation- 
Sagi et al. 1991). OC males in the premoult phase had 
a rate of [ 3 H]-thymidine incorporation about four times 
higher than that of OC males in the intermoult phase. In 
the more advanced OC male phases, the spermatogenic 
zone becomes thinner as the testicular cylinders become 
filled with spermatocytes (Sagi et al. 1988; Sagi 1990). Re¬ 
productive system to body weight ratio was found to be 
significantly higher in BC and SM, when compared to this 
ratio in OC males as shown by Sagi and Ra’anan (1988). 
In contrast, the gonado-somatic index observed by Oku- 
mura and Hara (2004) in SM was lower than that in OC 
males. Sun et al. (2000) studied the polypeptide profile of 
the AG from three different male morphotypes and found 
that total polypeptide content increased gradually among 
these morphotypes with highest polypeptide content found 
in BC males. These changes are reflected in the expression 
of AG specific genes (Ventura et al. 2009) (see also section 
16.3.2). 

Since the male morphotypes differ in their growth rates 
(Ra’anan & Cohen 1985), comparative studies have been 
carried out on the relative weights of their midgut glands - 
the hepatopancreas (Sagi & Ra’anan 1988). These glands 
have been described as playing a major role in food assim¬ 
ilation (Yonge 1924; Dali & Moriarty 1983) and mobilisa¬ 
tion of energy during moulting (Travis 1955,1957; Skinner 
1985) and, therefore, their relative size was suggested by 
Sagi & Ra’anan (1988) also to reflect energy spent on so¬ 
matic growth. The weight of the midgut glands relative 
to body weight was found to be significantly larger in the 
rapidly growing SOC male than in all other morphotypes. 
The slow-growing SM and BC males had the lowest relative 
midgut gland weight, while the WOC and the TOC males 
had intermediate values. These results were confirmed by 
Sureshkumar & Kurup (1999). 

16.1.3 Behaviour 
16.1.3.1 Agonistic behaviour 

In early Indian studies, M. rosenbergii males were described 
as being very aggressive, and fighting with their second pair 


of claws while competing for receptive females (John 1957; 
Rao 1965). A general description of aggressive group in¬ 
teractions was provided by Segal & Roe (1975), in a study 
that emphasised cannibalism and growth. The first quanti¬ 
tative study on prawn aggressive behaviour, including the 
description of four aggressive acts, was provided by Pee¬ 
bles (1979a) in a study on competition for shelters. Relative 
size, prior residence and the length of time rivals had been 
paired were found to play important roles in the outcome 
of contests. In a series of elegant studies, using a procedure 
he had developed for determining the moult state, Peebles 
(1978,1979a,b, 1980) demonstrated the effect of moult state 
on prawn aggressive interactions, distribution and survival. 
Prawns in late premoult and early postmoult suffered from 
body injury and death because of cannibalism by equally- 
sized prawns in the intermoult state. Prawns were found 
to segregate according to moult state in both the field and 
the laboratory. The occupation of shallow versus deep areas 
of a testing tank by soft- and hard-shelled prawns, respec¬ 
tively, was found to be the result of competition and not of 
a change in habitat preference with the moult state. 

Initial descriptions of the aggressive behaviour of the 
various male morphotypes were of a general nature. San- 
difer & Smith (1977), in their first description of the OC 
male morphotype, stated that it appeared less aggressive 
than the BC male. In their study of male alternative mating 
strategies, Ra’anan & Sagi (1985) concluded that BC males 
were aggressive, dominant and territorial, OC males were 
aggressive, sub-dominant and non-territorial and SM were 
submissive and non-territorial. Most of these early findings 
were later corroborated in detailed studies of male agonis¬ 
tic behaviour and hierarchy formation (Karplus & Harpaz 
1990; Barki et al. 1991a,b, 1992, 1997). 

Intra-morphotypic agonistic interactions have been 
studied by analysing the structure of contests between 
prawns matched in size, all in the intermoult states (Barki 
et al. 1991b). Eighteen different agonistic acts were de¬ 
scribed and classified into indicators of dominance and 
subordinance, following the application of cluster analy¬ 
sis. The fighting behaviour of the three male morphotypes 
differed, following the direction of the morphotypic devel¬ 
opmental pathway (i.e. from SM through OC to BC). In 
accordance with this trend there was a decrease in the use 
of physical contact, and also fewer displays of claw position 
and movement in the repertoire of SM than in those of OC 
and BC. It has been suggested that the above differences 
among the morphotypes reflect a tendency of shifting to 
more ritualised interactions, from SM through OC to BC, 
correlated with the increases in claw size and in the chance 
of severe injuries inflicted by the claws. 

The formation of dominance hierarchies has been stud¬ 
ied in groups consisting of the three male morphotypes, 
each represented by two males of similar size, with BC and 
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OC males matched according to carapace size (Barki et al. 
1991a). Prawns formed a morphotype-related linear dom¬ 
inance hierarchy in which BC males were dominant over 
OC males which, in turn, were dominant over SM. Stabili¬ 
sation of the hierarchy over a period of 3 days was evident 
from the reductions in the number and intensity of ago¬ 
nistic interactions. The three male morphotypes differed in 
the extent by which they were involved in agonistic interac¬ 
tions, and in the nature of these interactions. The highest 
proportion of all interactions was intra-morphotypic and 
involved BC males. The proportion of inter-morphotypic 
interactions involving BC males was lower, decreasing from 
OC to SM. Interactions between BC males were more rit¬ 
ualised with less physical contact. Those between BC and 
OC males involved more physical contact, while in their 
encounters with SM, BC males used more threat displays 
and mere approaches. 

Sosa & Baro (2002) selected M. rosenbergii as a model 
species in which to study the effects of serotonin and oc- 
topamine on prawn postures and fighting behaviour due to 
the morphotype-related social status in this species. They 
described changes in male agonistic behaviour following 
amine injections (e.g. an OC male injected with serotonin 
vigorously attacked a BC male, whereas an OC male in¬ 
jected with saline failed to do so). More research is planned, 
to gain better understanding of the biochemical foundation 
of the behavioural differences in the agonistic behaviour of 
the different male morphotypes. 

The effects of body and claw size and male morphotype 
on the formation of dominance hierarchies were studied 
in mixed groups of BC and OC males, each represented by 
prawns in three size categories. BC males dominated OC 
males, irrespective of body size; in some cases an advantage 
of 8% in claw length overrode a disadvantage of 80% in BC 
weight, compared with OC (Barki et al. 1992). However, 
when BC and OC males were matched according to claw 
size, the probability of the two morphotypes to win was 
even. In this species, cheliped size appears to be a single 
overriding factor on which assessment of fighting ability 
is based (Barki et al. 1997). Schmalbach et al. (1994), in a 
study describing a new tagging method for M. rosenbergii , 
emphasised the importance of the sum of the chelae lengths 
in establishing dominance. 

Behavioural interactions among male prawns have been 
studied under semi-natural conditions in an earthen pond 
with clear water (Karplus & Harpaz 1990). Agonistic inter¬ 
actions among prawns, 3 and 4 days after their introduction 
into the pond, were brief, usually consisting of a single act 
performed by one prawn, and followed by the retreat of 
its adversaries. A morphotype-related dominance hierar¬ 
chy was formed, with BC males ranked above OC males. 
The dominance hierarchy seemed to regulate priority of 
access to preferred areas (e.g. shaded protected crevices). 


As soon as the holder of a preferred spot was supplanted, 
all aggressive interactions ceased. The results of this study 
must be evaluated cautiously since it lacked replicates, and 
individually tagged prawns were studied for a short period 
of time. The prawns in this study did not exhibit terri¬ 
toriality, if a territory is defined as a fixed exclusive area 
defended to keep intruders out (Brown & Orians 1970). 
Although the use of radio transmitters revealed a limited 
home range for large males in ponds (Peebles 1979b), there 
is, so far, no evidence for territoriality in this species, as 
defined by Brown & Orians (1970). Laboratory studies did 
indicate eviction of competitors, but only from the vicinity 
of a limiting resource - shelter (Segal 8t Roe 1975), food 
(Barki et al. 1992) and a receptive female (Telecky 1982). 
Field studies that combine tracking of the movements of 
individually tagged prawns, by means of both coloured tags 
and implanted microchip transponders (Caceci et al. 1999) 
and observation of their social interactions over extended 
periods of time, are needed in order to finally resolve the 
question of territoriality in this species, as well as that of the 
occurrence of stable dominance hierarchies in wild ranging 
animals. 

16.1.3.2 Reproductive behaviour 

Early studies concerning the reproductive behaviour of 
M. rosenbergii were carried out by staging encounters be¬ 
tween males and females, after a pre-mating moult (Ling & 
Merican 1961; Rao 1965; Ling 1969b; Chow et al. 1982). 
This approach failed to include the important mate search 
phase by females prior to their pre-mating moult, early 
pair-formation and the resulting rapid fertilisation follow¬ 
ing the female pre-mating moult. Studies on nocturnal 
motor activity of females in ponds, with the aid of radio 
transmitters, revealed an increase in the distance covered 
by females as they approached the pre-mating moult, prob¬ 
ably reflecting the search for a suitable prospective mate 
(Peebles 1979b). Night-time observations in earthen ponds 
indicated that sexually ripe females oriented in and around 
breeding depressions constructed by large males (Smith & 
Sandifer 1979a). Observations of several groups of individ¬ 
ually tagged females, each with a large BC male in aquaria 
over a period of several weeks, revealed consistent early 
pair-formation. Females approached a male 2 to 3 days 
prior to the pre-mating moult, first being chased away but 
later, after several hours of persistence, being allowed to re¬ 
main in the male vicinity. About 24 hours prior to the pre¬ 
mating moult the female is already totally accepted by the 
male, positioned below it or between its long second pair of 
claws (I. Karplus, personal observation). An earlier account 
of a BC male guarding a female prior to her pre-mating 
moult was given by Sagi & Ra’anan (1985). As a result of 
the early pair bond between the female in the pre-mating 
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moult state and the male, fertilisation occurs several min¬ 
utes to 30 minutes after moulting (I. Karplus, personal ob¬ 
servation). Earlier studies have reported fertilisation to oc¬ 
cur 8 to 12 hours (Ling & Merican 1961; Rao 1965), 3 to 
6 hours (Ling 1969b) and 1.2 to 21.8 hours (Chow et al. 
1982) after moulting. These females were indeed receptive, 
but the time of fertilisation was much determined by when 
they were paired with the male by the researcher. The repro¬ 
ductive potentials of the different male morphotypes were 
evaluated by pairing a single male with a single female after 
the pre-mating moult, thus eliminating the interference of 
groups of eager-to-mate males. All three male morphotypes 
had similarly high rates of fertilising receptive females. De¬ 
spite the fact that the spermatophores of SM are about half 
the size of those of BC males, the number of viable embryos 
sired by the three male morphotypes was dependent only 
on the female size. None of the three male morphotypes 
either attacked or injured the females that they had just 
fertilised (S. Zafrir, pers. comm. 1999). The reproductive 
potential of the three male morphotypes was also evaluated 
in a study by Sureshkumar and Kurup (1998), who paired 
a single male with several spent females until they were fer¬ 
tilized. In this study the average number of larvae produced 
per 100 g of female body weight was 20 and 40% larger in 
females mated with BC males as compared to those mated 
with either OC or SM, respectively. Differences in the results 
observed for these two studies on morphotype reproduc¬ 
tive potential may be partly due to evaluation of a more 
advanced developmental stage of the progeny in the study 
by Sureshkumar and Kurup (1998). 

Mating behaviour in the three male morphotypes has 
been described. All early accounts of the reproductive be¬ 
haviour of M. rosenbergii dealt with the mating of BC males; 
this is revealed by the figures accompanying these descrip¬ 
tions (Rao 1965; Chow etal 1982) and by the emphasis on 
the very long claws of the males (Ling & Merican 1961; Ling 
1969b). Chow etal. (1982) divided the mating behaviour of 
BC males into four phases: contact, seizure, mounting and 
copulation. Following mating the female is guarded for 2 to 
3 days by the male, but during that time the female grad¬ 
ually moves away from his close vicinity. The female leaves 
the male completely when her exoskeleton is hard enough 
to withstand attacks by conspecifics (I. Karplus, personal 
observation). 

OC males were described as capable of fertilising fe¬ 
males but having an incomplete sexual behaviour, never 
grooming or protecting a female. Actual severe or fatal 
injuries (18.7%) were reported, following the pairing of 
a female with several OC males, prior to her pre-mating 
moult (Ra’anan 8t Sagi 1985). The mating behaviour of the 
OC morphotype, as studied by pairing single males with a 
female following her pre-mating moult, revealed their be¬ 
haviour to be more variable and lengthier than that of BC 


males; it completely lacked the female-guarding previously 
described. However, no damage to females was inflicted by 
OC males (S. Zafrir, pers. comm. 1999). Differences be¬ 
tween studies in reports of mortality and injury may be due 
to differences in the female moult state and in the numbers 
of males involved. 

SM have been described as mating with females by sneak¬ 
ing between a receptive female and her guarding BC male 
(Telecky 1982, 1984; Sagi 1984; Ra’anan & Sagi 1985). SM 
were described as probing the female reproductive state by 
moving from one side of the female, over her back to the 
other side and finally slipping their abdomen beneath her 
to apply their spermatophore. Following this act, the SM 
rapidly retreated before the return of the BC male (Telecky 
1982). In another, only SM but not BC or OC males were 
found to be chemically attracted to females shortly after 
their pre-mating moult (Thomas 1998). 

Male competition and female mate choice both modify 
the actual rates of female fertilisation by the different male 
morphotypes, despite their similar reproductive potentials. 
Exposing groups of three OC males to a female prior to 
her pre-mating moult in the presence of a BC male with 
its gonopores plugged (preventing female fertilisation) re¬ 
sulted in the BC guarding the female and a low fertilisation 
rate of 20% by the OC males. Mating success of OC males, 
in both natural and pond populations, is probably very low 
(Ra’anan & Sagi 1985). 

One of the most elegant studies carried out on male al¬ 
ternative reproductive strategies was that of Telecky (1982, 
1984), which took advantage of the polymorphism of 
the glutamate-oxaloacetate-transaminase (GOT) locus de¬ 
scribed in the Hawaiian Anuenue strain of M. rosenbergii 
(Malecha 1977). Telecky constructed two populations of 
runts (SM) and bulls (BC) at a ratio of 2:1. The SM and 
BC males differed in their GOT genotype. The reproduc¬ 
tive success of the SM could be evaluated by analysing a 
sample of the eggs of the berried females for their GOT 
genotype, as determined by gel-electrophoresis. Successful 
SM mating rates of 18.8 and 30.7% were described in the 
two populations. The higher success rate of SM in one of 
the populations was suggested to result from the time-lag 
to full establishment of two newly introduced BC males 
that replaced dead ones. On the basis of 11 observed sneak 
mating attempts, Telecky (1982) suggested that the rate of 
success depends on the number of runts involved. A sin¬ 
gle runt has no chance to gain access to a receptive female 
guarded by a BC male; at least three runts are necessary 
to achieve copulatory access to females. While the bull is 
chasing away some of the runts, the female remains unpro¬ 
tected and the opportunity for sneak mating is formed. A 
relatively higher fertilisation rate (39%) of females by SM 
in the presence of a BC male with its gonopores plugged 
was reported by Ra’anan & Sagi (1985). The higher rate of 
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mating success of SM could have been due to a higher SM 
to BC ratio of 5:1, compared with the 2:1 ratio in Telecky’s 
study, and to the inability of the BC male in the latter 
study to fertilise females. Occasionally, following their pre¬ 
mating moult, females were collected from earthen ponds 
with several spermatophores attached to their sperm recep¬ 
tacle. Nothing is known, so far, of sperm competition in 
this species. 

Few studies have so far addressed the question of mate 
choice by M. rosenbergii females. Females, 24 hours prior 
to the pre-mating moult, and while still receptive follow¬ 
ing this moult, preferred BC males to OC males and SM. 
Females tested in large circular pools with the three males 
confined inside wire cages spent much more time in the 
vicinity of the BC males as compared to the other two 
morphotypes (S. Zafrir, pers. comm. 1999). In a study by 
Thomas (1998), females shortly after the pre-mating moult 
were found to be chemically attracted to BC males but not 
to OC males and SM. In another study, females in the inter- 
rnoult state and 24 hours prior to the pre-mating moult ini¬ 
tiated aggressive interactions with single OC males and SM 
but not with BC males (S. Zafrir, pers. comm. 1999). Fol¬ 
lowing the pre-mating moult and in the absence of a choice 
among the male morphotypes, females were not aggres¬ 
sive with any of the morphotypes and co-operated during 
mating with each of them. Females stretched their bodies 
and extended their claws while being turned by BC and OC 
males and lay on their side to facilitate fertilisation by SM. A 
female that does not mate following her pre-mating moult 
loses all her eggs within a short period of time, because of 
lack of fertilisation. In the absence of the preferred BC male, 
females are not choosy and are better off mating with any 
available male, irrespective of its morphotype, than losing 
all their eggs. 


16.2 Structure of mature populations 

16.2.1 Size distribution 

Fujimura & Okamoto (1972) were the first to present 
size frequency distribution histograms of male and female 
prawns grown in earthen ponds in Hawaii. They empha¬ 
sised the uniform normal size distribution of females and 
the bi-modal size distribution of males, whose population 
consists of a group of stunted ‘bachelors’ (runts), smaller 
in size than the females, and bulls which were larger than 
the females (Fig. 16.2). 

Mature prawn populations were studied mostly in tem¬ 
perate zones (South Carolina, Florida, Mississippi and 
Israel), since all ponds are invariably drained at the end 
of the limited grow-out season in these areas. Size composi¬ 
tion of the harvested population is crucial for the viability of 
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Fig. 16.2 Length frequency distribution of male and fe¬ 
male M. rosenbergii showing the bi-modal distribution of 
the ‘bull-runt’ phenomenon. (Reproduced from Fujimura 
& Okamoto 1972, with permission from Blackwell Pub¬ 
lishing) 


prawn culture, since prawn prices are size dependent. The 
harvested populations usually represented the undisturbed 
populations, since no or only few selective harvests were 
carried out. Smith et al. (1978, 1982) were the first to study 
the effects of several variables on prawn population struc¬ 
ture in earthen ponds; in their studies in South Carolina 
they tested for the effects of density, duration of grow-out 
period and size of prawns at stocking on population struc¬ 
ture. Male and female prawns exhibited distinctly different 
size distribution patterns. Females exhibited uni-modal and 
more or less normal distributions over a fairly narrow range, 
while the male population exhibited markedly skewed bi- 
or multi-modal distributions over a comparatively broad 
size range (the standard deviation of the mean weight of 
males was three times larger than that of females). These 
studies corroborated and extended the findings of Fujimura 
& Okamoto (1972) on sex-linked size distribution patterns 
under a wide range of densities. 

Numerous studies have clearly demonstrated a negative 
correlation between prawn stocking density, on the one 
hand, and prawn growth rate and mean size at harvest, on 
the other, both in polyculture with fish (Cohen et al. 1983; 
Wohlfarth etal. 1985; Karplus et al. 1986a; Kurup et al. 1998; 
dos Santos & Valenti 2002) and in prawn monoculture 
(Sandifer & Smith 1975; Willis & Berrigan 1977; Brody 
etal. 1980; Smith et al. 1981; D’Abramo etal. 1989; Valenti 
et al. 1993; Sampaio 8t Valenti 1996; Siddiqui et al. 1997; 
Nagarathinam et al. 2000; Lam et al. 2006; Cuvin-Aralar 
etal. 2007). 

16.2.2 Sex ratio 

Higher proportions of females than males were found in 
prawn populations in a number of studies when prawns 
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were raised in different geographical areas at a wide range of 
densities, in earthen ponds and in tanks (Willis & Berrigan 
1977; Smith et al. 1978, 1980, 1981, 1982; Sandifer et al. 
1982; D’Abramo et al. 1986; Karplus et al. 1986a; Lin & 
Boonyaratpalin 1988; Siddiqui et al. 1995, 1997; Jose et al. 
2007). However, in few studies, males were more common 
than females in cultured prawn populations (D’Abramo 
et al. 1989; Garcia-Perez & Alston 2000). Three different 
mechanisms were suggested by Smith et al. (1978) as pos¬ 
sibly regulating the prevalence of females in prawn pop¬ 
ulations. Firstly, environmental conditions may affect sex 
determination and favour the development of females. Sec¬ 
ondly, females may already outnumber males at stocking. 
Thirdly, selective male mortality may occur. Sagi 8c Cohen 
(1990) reported an equal sex balance (determined as soon 
as sex could be identified) in the progeny of two normal 
matings, whereas Malecha et al. (1992) reported a higher 
frequency of females in the progeny of five crosses between 
normal males and females. The difference in the results 
of these two studies has been attributed to environmental 
influences in the latter study. The selective male mortal¬ 
ity hypothesis seems highly plausible under crowded pond 
culture conditions. Prawns are known to be vulnerable to 


limb damage and cannibalism during moulting, even un¬ 
der conditions of excess food (Segal 8t Roe 1975; Peebles 
1978). Females, unlike males, can avoid these hazards, at 
least during the pre-mating moult, by seeking refuge be¬ 
tween the claws of BC males before and after ecdysis (see 
section 16.1.3.2). 

16.2.3 Male morphotypes 

Closer examination of harvested mature prawn populations 
has revealed that they are composed of three distinct male 
morphotypes (SM, OC and BC), which represent the nor¬ 
mal male developmental pathway from SM to BC via OC 
(Ra’anan 1982; Ra’anan & Cohen 1985). Early studies on 
the effect of prawn density on male morphotypes, carried 
out over a relatively narrow range (0.5-1.5/m 2 ), suggested 
fixed proportions of male morphotypes (SM:OC:BC = 
5:4:1) irrespective of prawn density (Cohen 8t Ra’anan 
1983; Ra’anan 8t Cohen 1985). Subsequent studies (Karplus 
et al. 1986a), covering a wider density range (1-4/m 2 ), re¬ 
vealed that the relative proportions of the male morpho¬ 
types change significantly with density (Fig. 16.3). The fre¬ 
quency of SM almost doubled when the stocking density 
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Fig. 16.3 Weight distribution of M. rosen- 
bergii male morphotypes and female re¬ 
productive states raised in earthen ponds 
at different densities. (Reproduced, with 
permission, from Karplus et al. 1986a.) 

Key: BC = blue claw; OC = orange claw; 
SM = small male; BE = berried female; 
OP = open brood chamber, spent female; 
V = virgin female. 
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increased from 1 to 4 prawns/m 2 (33 and 57%, respec¬ 
tively), while the frequency of the large BC males showed 
the reverse trend, namely decreasing by half from the low to 
the high stocking density (20 and 10%, respectively). The 
possibility that prawn populations had not yet stabilised 
was ruled out since rates of berried and spent females were 
similarly high at all densities, indicating the populations to 
be mature and fully developed. The changes in morphotype 
frequencies with density reflect increased stunting of prawn 
populations with increased density. At high densities, large 
fractions of the population are in close contact with BC 
males, which inhibit their growth (see section 16.4.3). Stud¬ 
ies in Mississippi (D’Abramo et al. 1989), covering prawn 
densities of 4 to 11/m 2 , corroborated these findings and ex¬ 
tended them to a wider range. Changes in the proportions 
of the different male morphotypes relative to density have 
also been reported from studies in India (Kurup et al. 1998). 

An inverse relationship between prawn density and mean 
size of the different male morphotypes has been described 
in prawn populations covering a wide range of stocking 
densities (Cohen et al. 1981, 1983; Karplus et al. 1986a; 
D’Abramo etal. 1989; Siddiqui et al. 1997; Kurup et al. 1998; 
Cuvin-Aralar et al. 2007). The only male morphotype that 
showed no effect of density on its mean weight was the SM; 
at all densities the growth of suppressed SM was negligible 
(Cohen et al. 1981; Karplus etal. 1986a; Siddiqui etui. 1997). 


16.3 Ontogeny and development 

16.3.1 Development of size variation 

Populations of newly metamorphosed postlarvae (PL) have 
a relatively homogenous size distribution, as reflected in 
their small variance (mean = 0.009 g; n 2 = 6.0 x 10~ 6 g; 
Sandifer 8t Smith 1975; Malecha et al. 1977). Several in¬ 
vestigators have presented a general description of the 
rapid increase in size variation following metamorphosis 
(Wickins 1972; Forster & Beard 1974; Sandifer & Smith 
1975; Segal & Roe 1975; Malecha et al. 1977). However, a 
detailed and focused analysis ofthe development of juvenile 
populations, by means of specifically designed experiments 
was carried out by Ra’anan and her co-workers (Ra’anan 
1982, 1983, 1987; Ra’anan & Cohen 1984a,b) and subse¬ 
quently reviewed by Ra’anan 8t Cohen (1985). 

Prawn populations display a disproportionate increase 
in size variation with time because individual prawns grow 
at different rates (i.e. they show heterogeneous individual 
growth - Malecha et al. 1981a; Ranjeet & Kurup 2002a). 
Ra’anan 8t Cohen (1984a,b) monitored large differences 
among the specific growth rates (Ricker 1975) of marked 
individuals. The relative growth rates were positively cor¬ 
related with the initial body weights of juvenile prawns 
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Fig. 16.4 Relation between initial body weight and rel¬ 
ative growth rate of juvenile M. rosenbergii communally 
reared at two time intervals after metamorphosis. (Re¬ 
produced from Ra’anan & Cohen 1984b, copyright 1984 
with permission from the Marine Biological Laboratory, 
Woods Hole, MA.) 


(Fig. 16.4). Two distinct types of juveniles were defined on 
the basis of their relative growth rates; ‘jumpers’ and ‘lag¬ 
gards’. Jumpers are exceptionally fast-growing individuals 
that may become up to 15 times larger than the population 
mode within 60 days after metamorphosis, forming the 
leading tail of the population. Jumpers within a monitored 
population of juveniles became evident within 2 weeks after 
metamorphosis. The largest marked individuals, forming 
5% of the population, remained within the leading tail dur¬ 
ing the entire 60 days of the study. Early in the development 
of prawn populations, the jumpers included equal propor¬ 
tions of males and females. The proportion of jumpers in 
juvenile populations (defined as individuals larger than the 
mean by more than 1 s.d.) ranged from 15 to 22%, irre¬ 
spective of prawn density. Slow-growing prawns (laggards) 
became apparent only later, about 5 weeks following meta¬ 
morphosis. It has been suggested that growth suppression 
in these individuals may depend upon the presence of the 
larger jumpers (Ra’anan 1983). Jumpers and laggards did 
not develop under isolated culture conditions indicating 
the importance of group interactions for their development 
(Ra’anan & Cohen 1984b). However, after a specific growth 
pattern (i.e. fast growing in jumpers or slow growing in lag¬ 
gards) had been established, juvenile prawns continued to 
show different growth patterns, also when isolated (Ra’anan 
1983; Karplus & Hulata 1995). 

In order to control for absolute size differences between 
jumpers and non-jumpers, Ra’anan (1983) raised PL from 
a single brood at two densities (1 and 10PL/L) and ob¬ 
tained jumpers from the high-density population, which 
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overlapped in weight with the non-jumpers from the low- 
density population. Isolated jumpers demonstrated an al¬ 
most six-fold higher weight increment per moult cycle than 
non-jumpers, despite similarity in absolute weight. These 
results clearly indicated the overriding importance of the 
relative size ranking of the individual within the original 
population as opposed to absolute weight, as a predictor of 
growth rate. Jumpers and non-jumpers matched according 
to size by the above procedure, also behaved differently in 
a social context. The relative growth rate was significantly 
higher in jumpers that were raised with non-jumpers than 
in those raised alone, while the reverse was found for non¬ 
jumpers, which grew better alone than when paired with 
jumpers (Ra’anan 1982; Ra’anan & Cohen 1985). In a com¬ 
plementary study, the effects of social interactions on the 
moult cycles of jumpers and non-jumpers were investigated 
(Ra’anan 1983). 

Compensatory growth in juveniles was demonstrated by 
removing the jumpers from a prawn population three times 
in succession (Ra’anan 1982; Ra’anan & Cohen 1985). The 
growth rates of the harvested populations were twice as high 
as that of the control populations. It was suggested that the 
regeneration of the jumpers’ leading tail indicates an in¬ 
herent capacity for compensatory growth in non-jumpers, 
which is triggered by a social cue - the removal of jumpers. 

The growth of mid-sized prawns removed from a pop¬ 
ulation was tested in a new social environment consisting 
of different sized prawns. The specific growth rates of the 
test prawns were directly related to their new relative size 
ranking (Ra’anan 1982; Ra’anan & Cohen 1985). Whether 
jumpers and laggards would respond similarly was not in¬ 
vestigated. Studies on growth of juveniles indicate the com¬ 
plexity of the effects of size ranking of prawns in their 
original population on their subsequent growth. On the 
one hand, persistence in growth rate in isolation or in 
their original environment has been found. However, on 
the other hand, plasticity and adjustability by shifting to 
higher or lower growth rates according to changes in rela¬ 
tive size rank in a new social environment have also been 
reported. 

Growth variation in juvenile prawns has been initially 
studied independently from the growth patterns of mature 
populations (Ra’anan & Cohen 1985). The persistence of 
differences between jumpers and laggards, particularly in 
males, up to the time of morphotype differentiation, was 
demonstrated for the first time by Karplus et al. (1986b, 
1987), who size graded juvenile populations into two and 
three fractions which they reared separately in earthen 
ponds. Graded juvenile populations developed different 
population profiles according to the size fraction (upper, 
middle and lower), and also differed from that of the non- 
graded source population. The frequencies of the SM mor¬ 
photype in the graded populations were 50,32 and 8% in the 


lower, middle and upper fractions, respectively. BC males 
showed the reverse trend with 3, 10 and 22% in the lower, 
middle and upper fractions, respectively. The frequency of 
OC males also increased significantly from the lower frac¬ 
tion (42%) to the upper fraction (63%). Thus, male jumpers 
were found to develop mainly into BC and OC males, while 
laggards developed mainly into SM (Karplus et al. 1986b, 
1987). Comparison of a size-graded population with anon- 
graded population, with similar mean weights at stocking, 
revealed significant differences in male morphotype fre¬ 
quencies at maturity. These results indicated the overriding 
importance of the relative position in the original popula¬ 
tion compared with absolute weight (Karplus et al. 1986b). 
The effects of size grading on female reproductive states are 
less pronounced and seem to operate mainly through the 
change in mean size at stocking. 

Finding the earliest point at which a specific growth pat¬ 
tern, which will be maintained through maturation, is es¬ 
tablished as important for management of size variation. 
Initial studies on size grading were carried out on popu¬ 
lations that were 5 months old and had reached a mean 
weight of 1 to 2 g (Karplus et al. 1986b, 1987). In sub¬ 
sequent studies, Daniels & D’Abramo (1994) and Daniels 
etal. (1995) demonstrated that much younger populations, 
at 50 to 60 days after metamorphosis, with a mean weight 
of 0.11 to 0.16g, already display an early determination of 
future growth, as evidenced in the culture of size-graded 
populations. 

Malecha (1977) noted no difference in final mean 
weight of sibling prawns segregated by time of meta¬ 
morphosis and reared in the laboratory for a period of 
13 months. Sandifer & Smith (1979) found that early- 
metamorphosing PL raised separately retained a size ad¬ 
vantage over the late-metamorphosing ones for 3 months, 
because of the longer period of postlarval development 
which compensated for their initial smaller size at meta¬ 
morphosis. Following this period, the separately raised 
late-metamorphosing PL attained a similar mean weight 
to that of the early-metamorphosing PL because of rela¬ 
tively higher growth rate. Late-metamorphosing popula¬ 
tions and control populations (i.e. composed of both early- 
and late-metamorphosing PL), raised separately in earthen 
ponds, had similar mean weights and male morphotype 
compositions, thus further confirming that growth pat¬ 
tern determination occurs after metamorphosis (Karplus 
et al. 1990). The effect of time of metamorphosis on the 
prawn sex ratio is uncertain, because there are conflict¬ 
ing reports in the literature. Howlader & Kiortsis (1978) 
reported the occurrence of a higher frequency of males in 
early-metamorphosing prawn larvae, on the basis of a small 
sample of laboratory-raised juveniles. Karplus etal. (1990) 
reported an equal sex balance in early-metamorphosing 
larvae in one study, and a higher proportion of females in 
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another study, both studies being based on large popula¬ 
tions raised in earthen ponds. 

Although growth pattern determination occurs only sev¬ 
eral weeks after metamorphosis, early hatching and meta¬ 
morphosis times may confer a competitive advantage, with 
consequences for future growth. This effect cannot be eval¬ 
uated by separate culture of different fractions but requires 
that differently marked larvae and PL be raised together. 
Zacarias (1986) overcame this difficulty by using geneti¬ 
cally marked larval populations. A positive correlation was 
demonstrated between hatching time and postlarval meta¬ 
morphosis time and juvenile size of broods whose hatching 
time differed by 2 or 3 days. Early-hatching larvae are likely 
to become early-settling PL which, in turn, are likely to 
become relatively larger juveniles (Fig. 16.5a-c). The so¬ 
cial interactions among juveniles lead to the emergence 
of jumpers and laggards, and to the fixation of a specific 
growth pattern that will eventually lead to the develop¬ 
ment of different morphotypes of sexually mature males. 
Hatching time is thus the earliest event which affords some 
possibility of prediction of the future development of an 
individual due to the possession of a competitive edge. Fur¬ 
ther research is needed to establish whether the hatching 


time differential within a brood (1 to 2 nights - Wickins & 
Beard 1974) is sufficient to create a competitive edge, and 
whether the hatching time is related to egg size or egg posi¬ 
tion on the pleopods. In this regard, Kulesh & Guiguinyak 
(1993) showed that in M. nipponense the largest females, 
which became sexually mature first, were the earliest to 
metamorphose and had hatched from the smallest eggs in 
a clutch. In this species, embryogenesis duration at steady 
temperatures was directly proportional to egg volume (i.e. 
the smallest eggs were the first to hatch - Mashiko 1987). 

16.3.2 Physiology of sexual and morphotypic 
differentiation 

Sexual differentiation in crustaceans is largely regulated 
by a gland, which was first described by Cronin (1947) 
and later termed the androgenic gland (AG) (Charniaux- 
Cotton 1954). In decapods this gland is usually located 
at the sub-terminal portion of the sperm duct. The cells 
may be arranged as thin, parallel and anastomosing cords 
(Carpenter & DeRoos 1970) or in a compact, lobed struc¬ 
ture (Kleinholz 8t Keller 1979). A combination of the two 
structures was found in M. rosenbergii, in which the AG is 
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Fig. 16.5 (a) Experimental design for 
the formation of genetically distin¬ 
guishable genotypes of early- and 
late-hatching groups 

Key: A, B, C and D represent geneti¬ 
cally distinguishable genotypes; E and 
L represent early- and late-hatching 
groups; Encircled numbers represent 
the constructed populations. 

(b) Cumulative distribution (%) of 
early- and late-hatching larvae meta¬ 
morphosing to postlarvae (PL) as a 
function of time (days) since metamor¬ 
phosis was observed. 

(c) Weight distribution of early- and 
late-hatching larvae after 120 days of 
juvenile grow-out. 

(After Zacarias 1986.) 
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composed of strands of cells surrounded by a thin layer of 
connective tissue, forming a pyramidal cluster loosely as¬ 
sociated with the posterior portion of the ejaculatory duct 
(Veith & Malecha 1983). Awari & Kiran (1999) provided a 
histological and histochemical description of the gland in 
M. rosenbergii. Charniaux-Cotton (1954) was the first to 
suggest a regulatory role for the AG and showed that bi¬ 
lateral AG ablation (andrectomy) in Orchestia gammarella 
blocked differentiation of secondary male characteristics 
and resulted in decreased spermatogenesis. Once the exter¬ 
nal male sexual characteristics are formed in gonochoristic 
shrimp, the AG is not needed for their maintenance (Touir 
1977). The role of the AG in the regulation of the develop¬ 
ment of decapod external sex characters is well established 
(Charniaux-Cotton & Payen 1988). 

Nagamine et al. (1980) demonstrated that the pres¬ 
ence of the AG in M. rosenbergii is necessary for the 
development and regeneration of male secondary sexual 
characteristics. These studies were, however, carried out 
before the existence of the different morphotypes had been 
recognised. Nagamine et al. (1980) operated on two types 
of males with appendix masculina, which they termed 
stage 2 and stage 3. Kuris et al. (1987) suggested that these 
stages represent the SM and OC morphotypes. In the 
experiment of Nagamine et al. (1980), operated SM devel¬ 
oped ‘immature chelipeds’ that were slimmer, shorter and 
less spinous than ‘mature chelipeds’. Operated OC males 
did not lose their ‘mature chelipeds’ but, if ablated, were 
unable to regenerate ‘mature chelipeds’. The morphotypic 
differentiation process begins with sexually immature 
males which possess a pair of gonopores, with flap at the 
base of the fifth pereopod but which lack an appendix 
masculina on their second pleopod (Tombes 8t Foster 
1979; Nagamine 8t Knight 1980; Snir 1992). These juvenile 
males develop into the SM morphotype when the appendix 
masculina develops without any allometric change in the 
claw segments (Kuris et al. 1987). SM may develop rapidly, 
and irreversibly transform into the large BC morphotype, 
via the WOC and SOC morphotypes. These transitional 
rapidly growing SM, although not differing in their 
external morphology from the stunted SM, differ in their 
growth rate and probably in their lower gonado-somatic 
index. Alternatively, SM may remain as such for shorter or 
longer periods of time, displaying a reduced growth rate 
and a high gonado-somatic index. These processes depend 
on the presence and function of the AG, as demonstrated 
by the amputation of the second pleopod and monitoring 
of the regeneration of the appendix masculina (Snir 1992). 

The role played by the AG in the male developmental 
pathway and growth was further analysed by Sagi et al. 
(1990). The AG was found to be essential for the continua¬ 
tion of the morphotypic differentiation process. Figure 16.6 
summarises the delaying effect of AG ablation during the 
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Fig. 16.6 The effect of andrectomy on the male develop¬ 
ment pathway. (Reproduced from Sagi 1990, copyright 
1990 with permission of Elsevier Science.) 

Key: J = juvenile; SM = small male; SOC = strong or¬ 
ange claw; BC = blue claw male; AG = androgenic gland 
ablation. The number of months between the andrec¬ 
tomy and the end of the experiment are indicated on the 
right side of the figure. 


morphotypic differentiation process in M. rosenbergii (Sagi 
1990). The normal differentiation process is described in 
line 1 of the figure. When andrectomy is performed on 
SOC males (Fig. 16.6, line 2), differentiation continues and 
leads to the BC morphotype. Andrectomised SM (Fig. 16.6, 
line 3) differentiate into SOC males, but further differen¬ 
tiation into BC males is prevented. When the andrectomy 
was performed on immature males (Fig. 16.6, line 4), a 
wide range of abnormalities in gonadal development was 
observed, the nature of which depended on the age at which 
the andrectomy had been performed (Sagi et al. 1997b). 
Development of reduced testes was observed in males an¬ 
drectomised at a relatively old age. In males andrectomised 
when younger, partly testicular and partly ovarian gonads 
(‘ovotestes’) or abnormally lobulated ovaries developed 
(Snir 1992). Abnormalities in the development of other 
components of the newly developed female reproductive 
tract and gonopores were also noted (Aflalo et al. 2006). In 
the males andrectomised at the earliest age, complete sex 
reversal, leading to the development of functional females 
capable of mating and producing all-male progeny, was 
achieved (Fig. 16.6, line 4) (Aflalo ef al. 2006, Rungsin et al. 
2006). 

Monitoring the regeneration of the appendix mascidina 
shortly after andrectomy enabled Snir (1992) to eliminate 
‘failures’ early and to culture only andrectomised males 
that were more likely to change into ‘neofemales’. Another 
important physiological characteristic of each male mor¬ 
photype is its growth rate. Different male morphotypes 
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in a monitored developing population had significantly 
different instantaneous or specific growth rates (Ra’anan 
etal 1991). The OC males showed the highest growth rates 
(R = 1.22 ± 0.4%/day), which decreased with the increase 
in the natural logarithm of body weight. BC males had the 
lowest growth rate (R = 0.07 ± 0.04%/day), which was rel¬ 
atively constant over size. SM had an intermediate growth 
rate (R = 0.82 ± 0.33/day), relatively constant over size. In 
this young developing population studied by Ra’anan et al. 
(1991), the SM readily transformed into OC males and do 
not represent the stunted individuals of this morphotype 
found in mature populations. The AG also has a role in 
the growth regulation of M. rosenbergii , as indicated by the 
reduction in growth rates of andrectomised SM and OC 
males compared with untreated or sham-operated con¬ 
trols. In general, andrectomised males exhibited a reduced 
growth rate, which was similar to the growth rate of normal 
females (Sagi et al. 1997b). The latter results suggested 
the AG as a pivotal player in the regulation of differential 
growth and growth promotion (Sagi 1988). In order to find 
the specific AG genes responsible for the above, and based 
on recent findings in another decapod crustacean (Manor 
et al. 2007), a subtractive cDNA library from the AG of the 
prawn M. rosenbergii has been established. Among other 
genes, an AG-specific gene expressed exclusively in males 
was found. This gene was termed Mr-IAG (insulin-like 
AG factor from M. rosenbergii, Accession # bankitl 145732 
FJ409645) since its proposed protein sequence encom¬ 
passes Cys residue and putative cleaved peptide patterns 
whose linear organisation is similar to those of members 
of the insulin/insulin-like growth factor/relaxin family 
(Fig. 16.11). The function of this gene was elucidated via 
gene-silencing experiments, which indicated that the gene 
affects spermatogenesis, the development of external male 
specific sex characters (such as the appendix masculina) 
and also growth patterns (Ventura etal. 2009). 


16.4 Factors controlling growth variation 

16.4.1 Genetic control 

This topic, which includes intraspecific variation, and 
heritability and domestication, is covered in Chapter 15. 

16.4.2 Environmental control 

Most studies on environmental effects (e.g. of temperature, 
salinity and food) on communal culture of M. rosenbergii 
have examined the growth rate and survival of juveniles, 
without paying attention to size variation. Few studies ac¬ 
tually attempted to examine specific environmental effects 
on the structure of sexually mature populations. 


The effects of three temperatures (20,24 and 29°C) on the 
size distribution of juvenile prawns of two genetic strains 
(Anuenue and Malaysian) revealed significant differences 
among temperatures and no difference between genetic 
stocks, in the skewness of the size distributions (Malecha 
etal. 1980). The effect of temperature on prawn population 
structure was also evaluated by comparing sexually mature 
prawn populations raised at two different latitudes (Tidwell 
et al. 1996). Prawns raised in relatively cool seasonal water 
temperatures averaging 24 to 26°C (Kentucky) were com¬ 
pared with those raised in a warmer climate, with a seasonal 
average of approximately 30° C (Mississippi). At both local¬ 
ities ponds were stocked on the same day with similar-sized 
juveniles, produced in the same culture tank and fed the 
same quantity and type of food. At harvest, the male pop¬ 
ulation structures at the two latitudes were similar, despite 
differences in water temperatures. In contrast to the case 
of males, lower temperatures resulted in a shift in female 
reproductive state (i.e. fewer berried females and more vir¬ 
gins), because of a temperature-mediated delay in onset of 
reproductive maturity. Temperatures, however, were high 
enough to support rapid growth, which resulted in unex¬ 
pectedly superior production at the higher latitudes. 

The effects of three salinities (0, 5 and lOp.p.t.) on the 
size distributions of juvenile prawns of two genetic stocks 
(Anuenue and Malaysian) revealed significant differences 
among salinities and no difference between stocks in the 
skewness of the size distributions (Malecha et al. 1980). 

Juvenile prawns were exposed to cobalt-60 gamma irradi¬ 
ation by Lee & Tiersch (2001) and were subsequently raised 
until maturity in outdoor tanks and earthen ponds, with 
the aim of disrupting the social structure and increasing 
production. Sterile males and females were produced when 
juveniles were irradiated at 1.0 and 1.5krad. Irradiation of 
prawns at 1.5krad resulted in lower survival, smaller body 
size and a lower percentage of BC males compared with the 
non-irradiated controls. Overall, prawn irradiation failed 
to increase production. 

Two studies specifically aimed at comparing the effects of 
different feeds on mature prawn population structure have 
been carried out, and yielded similar results. Differences 
in diet protein sources (0, 7.5 and 15% fish meal) had no 
effect on male morphotype composition and a minor effect 
on females (Tidwell et al. 1994). The nutritional regime 
(i.e. complete and supplemental diets, with and without 
organic pond fertilisation) did not significantly influence 
the proportions of the different male morpho types or of the 
female reproductive states, whether measured by number 
or by weight (Tidwell et al. 1995). 

Betaine, added as a feeding attractant 2 hours after the 
provision of feed, resulted in a burst of food-seeking be¬ 
haviour in juvenile prawns, which led to a 17% increase in 
mean weight. A significant increase in the size distribution 
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occurred concomitantly with the general increase in growth 
rate, because of the reduced growth of some of the smaller 
individuals (Harpaz 1997). Although this study concerned 
food and enhanced feeding behaviour, the effects on size 
variation were probably mediated through competitive 
interactions among the prawns (see section 16.4.3). 

Food availability can have a profound effect on prawn 
population structure. Prawn populations differed markedly 
among unfed, organically fertilised, and fed pond systems 
that were stocked with prawns at the same density of 
4 prawns/m 2 (Tidwell et al. 1997). Proportions of stunted 
SM (1:4) and virgin females (1:2) in the unfed ponds were 
significantly greater than those in either the fed or the fer¬ 
tilised ponds. For all morphotypes except SM, mean weight 
was significantly lower in the unfed ponds. Food shortage 
caused by food competition had similar effects on prawn 
population structure, which differed between those raised 
in polyculture with Oreochromis niloticus and those raised, 
at the same density with similar amounts of feed, in mono¬ 
culture (Garcia-Perez & Alston 2000). Prawns raised with 
fish were under intense pressure of food competition and 
food shortage, which led to stunting of males, manifested 
in a four-fold higher frequency of SM than among those in 
monoculture. 

16.4.3 Social control of growth 

The involvement of social interactions in the regulation of 
growth in M. rosenbergii was suggested for the first time 
in the pioneering studies of Fujimura & Okamoto (1972) 
on selective harvesting. The removal of large individuals 
from prawn populations raised in ponds resulted in com¬ 
pensatory growth of the smaller remaining prawns. Sub¬ 
sequent laboratory studies revealed that juveniles raised in 
social isolation grew more uniformly than those raised in 
groups, and they did not develop jumpers and laggards 
(Ra’anan & Cohen 1984b). Stunted SM grew rapidly and 
developed into large BC males after isolation (Ra’anan 8t 
Cohen 1985). 

Four social mechanisms have been hypothesised to 
suppress growth in crustaceans: 

a) Direct competition for food: aggressive and dominant 
individuals may deprive subordinates (smaller individ¬ 
uals) of food (Segal 8t Roe 1975). 

b) Appetite suppression in subordinate individuals: agonistic 
interactions result in the establishment of a size hierar¬ 
chy in which subordinates may grow less rapidly even 
in the constant presence of food, because of their lower 
food intake (Cobb et al. 1982). 

c) Decreased food conversion efficiency, smaller subordinate 
individuals may have a lower food conversion efficiency 
(Karplus et al. 1992b). 


d) Increased motor activity, small subordinate individuals 
may be engaged in continuous evasive manoeuvres to 
escape from dominant ones, which results in high energy 
expenditure and reduced growth (Cobb et al. 1982). 

The review presented in this section of the chapter ad¬ 
dresses the social mechanisms regulating growth in the 
three sexually mature male morphotypes. Numerous stud¬ 
ies of juvenile prawns have addressed the social mechanisms 
which regulate growth (Segal & Roe 1975; Malecha 1977; 
Malecha et al. 1981a; Pierce 8t Laws 1982; Karplus et al. 
1989; Li 1989; Diaz et al. 1990), and the sensory modalities 
involved in these mechanisms (Howe 1981; Malecha et al. 
1981a; Ra’anan 1982; Ra’anan 8t Cohen 1984b; Moore et al. 
1985; Cross 1987; Juarez et al. 1987; Corredor-Cantrelle 
1989). Although these studies are beyond the scope of this 
review, the social mechanisms controlling growth in juve¬ 
niles will be briefly discussed because of their importance 
for the understanding of size variation development. 

Disproportionate food acquisition through direct com¬ 
petition has been found to occur in groups of juvenile 
prawns when food was limited, and to influence weight gain 
(Segal 8t Roe 1975; Li 1989). Aggression in group-raised 
juveniles, with food provided ad libitum, was positively 
correlated with growth but not with food consumption. 
Appetite suppression probably does not operate in juve¬ 
niles of this species. Aggressive individuals did not grow 
faster than submissive ones, because of their greater food 
intake but, possibly, due to a lower feed conversion ratio 
(FCR) (Li 1989). Pierce & Laws (1982) reported a marked 
increase in lipid and carbohydrate synthesis at the expense 
of protein synthesis in juveniles, exposed to sudden stress 
caused by crowding. A similar metabolic shift could under¬ 
lie a high FCR in submissive juveniles or in SM (see section 
16.4.3.2). A detailed review of social control of growth in 
M. rosenbergii was published in 2005 (Karplus 2005); it in¬ 
cludes sections on growth control in juveniles, the sensory 
modalities involved, and the evidence of early differences 
in resting metabolic rates which might explain the conspic¬ 
uous differences in growth rates that profoundly affect the 
subsequent life history (Li 1989; Taylor et al. 2002; Brown 
etal. 2003). 

16.4.3.1 Growth enhancement ofOC males - the 
‘leapfrog’ growth pattern 

The transition from the OC to the BC morphotype was 
termed metamorphosis because a dramatic change oc¬ 
curred in the lengths of the claws, particularly in the propo- 
dus and carpus, and in claw coloration and spination (Kuris 
et al. 1987). Ra’anan & Cohen (1985) suggested that the 
transition from the rapidly growing OC to the slowly grow¬ 
ing BC morphotype followed a ‘leapfrog’ growth pattern. 
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Fig. 16.7 (a) Theoretical leapfrog growth pattern of or¬ 
ange claw (OC) and blue claw (BC) males. (Source: after 
Ra’anan & Cohen 1985.) (b) Actual leapfrog growth pat¬ 
tern in a large communal cage. Key as in Fig. 16.7(a). 
(Source: after Karplus et at. 1991.) (c) An example 
of male prawns involved in the leapfrog growth pat¬ 
tern present in a large communal cage at harvest time. 
Note: observe the different claw to body ratios in blue 
claw (BC) and orange claw (OC) males. (Source: after 
Karplus et at. 1991.) 


An OC male was suggested to metamorphose into a BC 
male only after it had become larger than the largest BC 
male in its vicinity (Fig. 16.7a). This hypothesis was based 
on the observation that the amount of algae covering the 
claws and carapace of BC males was inversely related to the 


size of the animal. Body coverage by epibionts was suggested 
by Smith et al. (1979) to be a reliable indicator of the time 
elapsed since the last moult. The smallest BC male was the 
most heavily covered with algae and, therefore, had been 
the first to metamorphose. The presence of this BC male 
then delayed the transition of the next OC male to the BC 
morphotype, causing it to attain a larger size following its 
metamorphosis. Additional indirect support of the leapfrog 
growth pattern came from a pond and laboratory study of 
the testicular and sperm duct index in BC males (Daniels 
1993): small BC males collected from a mature pond pop¬ 
ulation had small mean testicular indices and large mean 
sperm duct indices similar to those of the oldest BC males 
(i.e. the most days post-metamorphosis) from a monitored 
BC population raised in aquaria. 

A more direct testing of the leapfrog growth pattern was 
carried out by bi-weekly monitoring of the growth and 
morphotype differentiation in individually marked male 
prawns that had been stocked as juveniles into cages placed 
into fishponds (Karplus et al. 1991). These males were pre¬ 
determined to develop into the OC and BC morphotypes, 
since they originated from the upper fraction of a nursed 
population (Karplus et al. 1986b, 1987). Male and female 
prawns were stocked at a density of 4/m 2 and a sex ratio 
of 1:1, either into very large cages for communal culture or 
into small cages for paired culture. In 8 out of 9 transfor¬ 
mations in communal culture, the newly transformed BC 
male was more than 45% larger than the largest BC male 
previously present. Of the single males stocked into small 
cages, 60% transformed into BC males, while only 22% 
did so in communal culture. This difference is probably 
due to interactions with large BC males, which would delay 
metamorphosis in group-raised OC males. The results of 
this study generally fitted the Ra’anan & Cohen (1985) the¬ 
oretical model. The main difference was that the actual sit¬ 
uation was more complex, often with several prawns meta¬ 
morphosing within a relatively short time span. Their sizes, 
covering a wide range, were larger than those of the BC 
males already present (Figs 16.8b,c). 

Laboratory studies on the leapfrog growth pattern, 
which focus on the sensory modalities involved and the 
controlling behavioural mechanisms, are extremely difficult 
to conduct because of intense cannibalism (Karplus et al. 
1991; Daniels 1993). Daniels (1993) banded the claws of 
the prawns and glued their dactylus to the propodus in 
order to reduce cannibalism. However, he was not able 
to replicate the leapfrog growth pattern in the laboratory, 
as there was no significant difference between the sizes at 
metamorphosis of OC males raised with either large or 
small BC males. Possibly, as suggested by him, the manip¬ 
ulation of the claws may have affected the BC-OC interac¬ 
tions which regulate the leapfrog growth pattern (see also 
section 16.4.3.2). 
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Fig. 16.8 Growth curves (means ± standard error) of 
small males raised in isolation, with an intact blue claw 
(BC) male, with a BC male with an immobilised dacty- 
lus and with a claw-ablated BC male. Note: numbers ac¬ 
companying the lowest curves represent the number of 
surviving small males. (Reproduced from Karplus et al. 
1992a, copyright 1992 with permission of Elsevier.) 


An alternative, relatively rare developmental pathway, 
which bypasses the leapfrog growth pattern, has been sug¬ 
gested by Kurup & Harikrishnan (1999) to occur during the 
early development of prawn populations. Prawns were hy¬ 
pothesised to transform directly from the SM/WOC mor- 
photype into the WBC morphotype (i.e. weak blue claw 
with feeble spination and naked dactylus (Kurup et al. 
2000)), on the basis of biochemical similarity (Sureshku- 
mar & Kurup, 1999), size similarity (Kurup & Harikrishnan 
1999), and the fact that SM males in the presence of females 
and absence of BC males develop a blue propodus on their 
second pair of chelipeds (Sureshkumar & Kurup 1998). 
However, so far there have been no direct observations 
of prawns actually using this alternative developmental 
pathway. 

16.4.3.2 Growth suppression of runts - blue claw and 
small males 

The role of the bull’s claws in the suppression of the growth 
of runts has been analysed, since all four mechanisms 


hypothesised to suppress growth in crustaceans (see (a)-(d) 
in the introduction to section 16.4.3) include an element 
of aggression, which is manifested among clawed crus¬ 
taceans by means ofthese appendages (Karplus etal. 1992a; 
Mariappan et al. 2000. Runts were raised by Karplus et al. 
(1992a) for 112 days in aquaria, paired with an intact bull, a 
bull with dactyli immobilised by rubber bands or a bull with 
ablated claws. A group of isolated runts served as a control. 
Growth of SM, their motor and maintenance activities, and 
their social interactions with the bull were monitored. Claw 
ablation and dactylus immobilisation in bulls resulted in a 
complete removal of growth suppression in runts, which 
grew similarly to the controls (Fig. 16.8). The growth of 
runts raised with bulls with intact claws was stunted because 
of the reduced growth increment per moult, while the rate 
of moulting remained the same as in the fast-growing iso¬ 
lated individuals. Runts were occasionally found to become 
smaller following a moult. This phenomenon has been de¬ 
scribed only in crustaceans with a large number of missing 
appendages, and is ascribed to a high regeneration load 
(Hopkins 1982; Skinner 1985). The claws of the American 
lobster Homarus americanus have also been found to play a 
major role in growth suppression. However in this species, 
as distinct from M. rosenbergii, the removal of claws short¬ 
ened the time interval between two successive moults in the 
subordinate individuals (Cobb & Tamm 1974; Cobb et al. 
1982). 

The motor activity of runts with suppressed growth was 
the lowest among all experimental groups. Increased en¬ 
ergy expenditure caused by the motor activity of runts was 
ruled out as a growth-controlling mechanism (d), under the 
experimental conditions of that study (see page 328). The 
possible involvement of the three remaining mechanisms 
that had been hypothesised to control growth suppression 
in crustaceans (i.e. direct food deprivation (a), appetite sup¬ 
pression (b) and low food conversion efficiency (c)), were 
tested in runts (Karplus et al. 1992b). Runts were raised for 
28 days, either paired continuously with an intact BC male, 
paired with an intact BC male except for the daily 2 hour 
feeding session, or grown in isolation. Food competition did 
not seem to be a major mechanism in controlling growth 
of runts, since runts separated from the bull during feeding 
grew at the same rate as those feeding together with the bull. 
The amounts of food ingested by rapidly growing isolated 
runts and by stunted runts, isolated only during feeding, 
were similar, thus ruling out appetite suppression as a major 
mechanism controlling growth. Food conversion efficiency 
seems to be the major mechanism controlling growth sup¬ 
pression in runts, since isolated runts had an FCR half of 
that of runts isolated only during feeding sessions. The high 
FCR of runts in the proximity of a bull was found to be re¬ 
versible: it shifted to a low (= more favourable) ratio upon 
the removal of the bull (Karplus et al. 1992b). 
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The role played by various sensory cues (tactile, visual 
and chemical) originating from BC males in growth sup¬ 
pression in runts was analysed in a series of controlled ex¬ 
periments (Malecha etal. 1981a). Runts were placed on one 
side of an aquarium which was divided in two by a partition 
of one of several types (opaque or transparent, perforated or 
intact, or made of a coarse mesh screen), which transmitted 
a single sensory cue or various combinations of cues, and a 
large BC male was placed on the other side of the partition. 
All the experimental treatments tested in this study, except 
for the full contact, barrier-free control, failed to induce 
growth suppression in runts. 

16.5 The biological significance of 
size variation 

16.5.1 The leapfrog growth pattern - orange claw and 
blue claw males 

The social organisation of prawn populations can provide 
some insight into the function of the leapfrog growth pat¬ 
tern. The effects of size and morphotype on dominance 
rank in groups comprising OC and BC males, each rep¬ 
resented by prawns in three size categories, were studied 
in the laboratory (Barki et al. 1992). BC males dominated 
OC males, irrespective of size, probably because of their 
larger claws. The fact that the alpha position (the most 
dominant male) was occupied by the largest BC male was 
already evident from the first day, while a linear rank order 
became evident only on the second and third days. The 
consequences of dominance were reflected in competition 
for resources. The alpha male had clear priority of access to 
food and shelter. The prawn that had metamorphosed to 
the BC morphotype and was larger than any other BC in its 
vicinity, following the leapfrog growth pattern, obtained for 
at least some time the alpha position in the male dominance 
hierarchy. Symmetrical and asymmetrical contests (i.e. 
encounters between prawns matching in size and differ¬ 
ing in size, respectively) between BC males revealed that a 
difference of over 30% in weight ensured the victory of the 
larger prawn (A. Barki, unpublished data). A mean differ¬ 
ence of about 45% in weight between successively metamor¬ 
phosing prawns was found. This large difference apparently 
ensures victory in a contest with any other BC male already 
present at the scene (Karplus et al. 1991). 

The leapfrog growth pattern results in the gradual descent 
in the social rank of BC males. When a new and larger BC 
male appears on the scene, the ranks of all BC males present 
before that event fall. Schmalbach et al. (1984) suggested 
that a voluntary claw autotomy in BC males may take place 
when the ratio of 1:2.8 of body length to claw length (i.e. the 
sum of the lengths of both chelipeds) is reached, resulting 


in a subsequent enhanced cheliped growth. The level of 20- 
hydroxyecdysone in the haemolymph of prawns about to 
perform voluntary claw autotomy was three times higher 
than in regularly moulting prawns (Harpaz et al. 1987). 
Voluntary claw autotomy could counteract the lowering of 
social status of BC males caused by the leapfrog growth pat¬ 
tern. A moulting BC male that voluntarily autotomises its 
claws temporarily loses its social status completely. How¬ 
ever, following a series of moults, it may improve its social 
status, as a result of its increase in body and, particularly, 
its claw size, and may also regenerate its spermatogenic 
tissue, to increase its reproductive potential. The autotomy 
study was carried out only under laboratory conditions and 
on isolated individuals. Long-term studies are needed on 
the dynamic changes in male prawn dominance hierarchies 
and, particularly, on the changes in social status which fol¬ 
low claw autotomy and the subsequent rapid increase in 
claw length. 

16.5.2 Growth suppression in runts - small and blue 
claw males 

The suppression of growth in runts in the presence of BC 
males and the contrasting growth acceleration in their ab¬ 
sence are adaptive. In natural populations, runts probably 
represent a reservoir of males able to accelerate their growth 
upon disappearance of bulls. A similar situation of small 
non-territorial males, which act as a reserve to replace large 
territorial males, by rapid growth, was described for a ci- 
chlid fish, Haplochromis burtoni (Fraley & Fernald 1982). 
The growth of the small anemone fish, Amphiprion bicinc- 
tus and Amphiprion clarkii, is inhibited when they share the 
same anemone with a large paired male and female. Rapid 
growth in these individuals is triggered by the removal of 
either the large male or female. These small fish, similarly to 
the prawn runts, serve as a male reserve (Allen 1972; Fricke 
1974; Ochi 1986). Runts are better off remaining small as 
long as bulls are present in high numbers. They attract less 
aggression from the dominant bull (Barki etal. 1991a) and 
are probably less vulnerable to cannibalism since they can 
shelter in small crevices (Karplus 8c Harpaz 1990). Being 
small and highly mobile, runts can find food on the bot¬ 
tom before being chased away by larger prawns, males or 
females (Harpaz 1980). Runts may still fertilise females, by 
means of the sneak mating strategy (see section 16.1.3.2). 
As bulls become scarce, some runts increase their growth 
rate, and transform into OC males and, finally, into bulls in 
accordance with the leapfrog growth pattern. 

Actual evaluation of the adaptiveness of heterogeneous 
individual growth (HIG) for the individual requires long¬ 
term field studies (or at least studies under semi-natural 
conditions) which would quantify the lifetime reproduc¬ 
tive success of prawns. Emphasis should be given to a 
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comparison of the lifetime reproductive success of jumpers 
which transform rapidly into BC males with laggards 
which spend large periods of time as SM. Research on the 
occurrence of growth suppression and male morphotypes 
in natural populations is important for the understanding 
of the function of HIG. 


16.6 Commercial significance and 
management of size variation 

16.6.1 Supplementary shelters 

Early researchers suggested that natural materials such as 
branches, aquatic plants, gravel and shells should be intro¬ 
duced into juvenile rearing tanks to reduce the number of 
aggressive interactions and to provide refuges for moult¬ 
ing prawns (Ling 1969a; Fujimura & Okamoto 1972). A 
variety of shelter types were developed, since natural ma¬ 
terials seemed impracticable for intensive rearing systems 
because of their rapid decay and handling difficulties. Smith 
& Sandifer (1979b) evaluated the suitability of several habi¬ 
tat configurations (tube pyramids, concave plastic plates 
placed separately or in stacks, and horizontally and ver¬ 
tically layered habitats), on the basis of their occupation 
by juvenile prawns. Prawns exhibited a pronounced pref¬ 
erence for the layered habitats, particularly for their edges. 
A strip-layer habitat was designed to maximise this ‘edge 
effect’. In the study of Smith & Sandifer (1979b), the prawn 
behaviour was elegantly used to guide the development of 
an efficient habitat. Although horizontal and vertical strip- 
layer habitats were equally preferred by prawns, the former 
were preferred by the researchers, as they seemed to be more 
convenient for prawn feeding. In another study, substrate 
orientation (i.e. vertical or horizontal) had no significant 
effect on prawn survival, production or population struc¬ 
ture (Tidwell etal. 2002). Over the years, a variety of shelter 
types have been developed for juvenile nurseries and for 
grow-out, in ponds and intensive culture units. The major 
attributes of a successful commercial shelter, in addition 
to being attractive to prawns, are low cost, large surface 
area, ease of installation and removal, and economic stor¬ 
age (Sandifer & Smith 1985). No distinction has been made 
in this review between added substrates and shelters, since 
both share elements of added surface area and the protec¬ 
tion of vulnerable soft-shelled individuals. 

Several behavioural observations related to shelter occu¬ 
pation indicate their extreme importance for both juveniles 
and adults. Peebles (1979a) described intense fighting over 
shelters (see section 16.1.3). Utilisation of shelters by ju¬ 
venile prawns increased with population density (Peebles 
1974). SM occupied a flower pot shelter most of the time 
during both day and night in the presence of a BC male, but 


they only rarely used the shelter when they were isolated or 
when they shared their aquarium with a large BC male with 
ablated claws (Karplus etal. 1992a). 

Although shelters are consistently used in intensive high- 
density nursery systems and in some grow-out ponds, ev¬ 
idence for beneficial effects is limited. In two experiments, 
Smith 8c Sandifer (1975) compared the effects of shelters 
and of their spatial orientations (horizontal versus verti¬ 
cal layer orientation) on prawn survival, growth and FCR. 
Mortalities were two to four times higher in tanks with¬ 
out shelters than in those with shelters. FCR and prawn 
biomass were superior in the shelter treatment to those in 
the no-shelter control. Flowever, the results of this study 
were based on a very small number of replicates and no 
statistical analysis was applied to the data. In another study, 
the addition of substrates to a low-cost, low-density, out¬ 
door nursery system had no significant effect on prawn 
survival and mean weight at harvest (Mulla 8c Rouse 1985). 
However, the latter authors found a significant effect on 
size distribution, which was more normal and uniform in 
the treatment with shelters. Possibly the minor effect of 
substrate addition in that study may have been due to the 
relatively small increase in surface area (8%) and the type 
of the shelter used. 

Studies on the effects of supplementary shelters on grow- 
out of prawns in ponds have been conducted mainly 
in temperate climates. Cohen et al. (1983) reported that 
the addition of substrates to ponds stocked with prawns 
(10 prawns/m 2 ) increased prawn production by 14% and 
mean weight at harvest by 13%, with no effect on survival 
compared with the no-shelter control. In contrast, one year 
later, Ra’anan et al. (1984), working at the same research 
station (Ginosar, Israel), attributed a 24% increase in pro¬ 
duction to shelters, and found that it was based mainly 
on an increase in prawn survival at a higher prawn stock¬ 
ing density (15 prawns/m 2 ) and a different management 
regime. Both these studies, which lacked statistical anal¬ 
ysis of the data, emphasised that supplementary shelters 
increased the efficiency of selective harvests, thus extending 
the period of fresh prawn production. Tidwell et al. (1998) 
evaluated for the first time the effects of added substrates 
(horizontal plastic mesh and vertically suspended seines) on 
prawn population structure. At harvest, the mean weight 
and total yield were higher by 20% in ponds with added 
substrates, this increase being very similar in magnitude to 
that in surface area increase. In ponds without substrates, 
the number of SM was significantly higher and the number 
of OC males significantly lower than in ponds with added 
substrates. Average mean weights of BC males, OC males, 
and berried, spent and virgin females were significantly 
higher in ponds with added substrates. In three subsequent 
studies, the addition of substrates either had no effect on 
prawn population structure (Tidwell et al. 1999), affected 
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only the percentage of females that achieved sexual matu¬ 
rity (Tidwell et al. 2000), or increased the average weight 
of females (Tidwell et al. 2002). More research is needed to 
better understand the impact of added substrates on prawn 
population structure. A different result, namely, failure to 
detect any significant beneficial effects on prawn survival, 
mean weight and yield due to the addition of substrates, 
was reported by Posadas et al. (2003). 

In several studies (Tidwell et al. 1999, 2000), the addi¬ 
tion of substrates resulted in a better FCR (food conversion 
ratio), which was attributed to increased intake of natu¬ 
ral food. More periphyton can develop in ponds in which 
extra substrates are provided, but studies of prawn stom¬ 
ach contents failed to reveal whether freshwater prawns 
actually graze on periphyton or remove certain organisms 
such as trichopterans, chironomids, oligochaetes and ne¬ 
matodes from within the periphyton matrix (Tidwell et al. 
1997; Uddin et al. 2006; Uddin, 2007). Direct behavioural 
observations and research with stable isotopes might help 
to clarify this point. 

The addition of artificial substrates to prawn culture 
units probably operates in several beneficial ways. The sub¬ 
strates increase survival by providing the freshly moulted 
individuals with a shelter, at a stage when they are partic¬ 
ularly vulnerable to cannibalism (Peebles 1978). They also 
increase the surface area available for the development of 
natural food for the prawns, and concomitantly decrease 
the frequency of agonistic interactions, which have been 
demonstrated to suppress growth (Karplus et al. 1992a,b; 
see also section 16.4.3). Thus, artificial substrates proba¬ 
bly partly operate in a way similar to density reduction, as 
suggested by Tidwell et al. (1998). 


16.6.2 Selective harvesting 

Fujimura 8t Okamoto (1972) were the first to recommend 
the selective removal of the larger, faster-growing animals 
with a large mesh net in order to manage the variable 
growth pattern of the prawns. As the remaining prawns 
grow into larger size classes they too are periodically seined 
out. The selective harvest of large animals was considered to 
reduce competition for resources (food, oxygen and shelter) 
and promote increased growth rates among the remain¬ 
ing prawns. Selective harvests are particularly relevant in 
warm climates, where adequate year-round water supply is 
available, and are less practised during the short grow-out 
period in temperate climates. They are conducted at 2- to 
3-week intervals in year-round growing seasons, and cap¬ 
ture the BC males, the largest females and the largest OC 
males. This system has been described as the ‘traditional’ 
(Malecha 1983) or ‘continuous’ (Lacroix et al. 1984) system. 
In single ‘batch’ harvests these animals provide the largest 


proportion of the harvest revenue (Smith et al. 1980) but 
the large numbers of SM can limit economic production 
(D’Abramo et al. 1991; Daniels et al. 1995). The SM and 
other undersized morphotypes, which are not harvested 
in efficient selective harvests, can undergo ‘compensatory’ 
growth (an accelerated change in their growth rate), allow¬ 
ing them to occupy the ‘size niche’ vacated by the harvested, 
larger, dominant animals. 

The most detailed study on selective harvesting was car¬ 
ried out by Garcia-Perez (1999) in a continuous polyculture 
system with red tilapia hybrids that involved both the re¬ 
moval and restocking of prawns, during a period of 557 
days. This study comprised two treatments of monthly par¬ 
tial harvests, one of which included all commercial-sized 
females and males, whereas the second also included all 
distinguishable female prawns, regardless of their size. The 
yield, mean weight, survival and population structure of 
commercial-sized prawn were not affected by removal of 
all captured females, regardless of their size. Probably the 
removal of all large prawns alleviated growth suppression 
to the same level in both treatments. 

In a more recent study in Kerala, India, Jose et al. (2007) 
compared single stocking with drain harvest or with cull 
harvest. Prawns were stocked at the same density of 4 PL/m 2 
and reared for 6 months in earthen ponds. Production 
was 50% higher under the cull harvest culture regime: the 
prawns were larger and more uniform in size, and showed 
an overall 10% increase in survival. This study demon¬ 
strated for the first time the clear advantage of selective 
harvesting. Unfortunately, selective seine net harvests are 
very inefficient in capturing all of the harvestable prod¬ 
uct, because of the cumbersome movement of the large 
seine nets through large pond volumes and along uneven 
pond banks and bottoms (Lam & Wang 1986). Harvest 
efficiency has been estimated either by actually draining 
ponds after the harvest and counting the number of mar¬ 
ketable prawns that should have been removed, or by using 
a mark-recapture method (Wang & Lam 1986). Harvest 
efficiencies ranging between 50 and 75% have been re¬ 
ported (Williamson & Wang 1982; Malecha 1983). Several 
improvements were introduced into the labour-intensive 
manual harvesting operations (Williamson 8t Wang 1982; 
Wang & Lam 1986). These improvements included the use 
of a low-cost, lightweight boom to replace the harvest crew 
in the pond, and a tractor to pull the seine nets. Although 
these improvements helped to save labour and reduce har¬ 
vesting time, they did not solve the harvesting efficiency 
problem. 

At each selective harvest, claw ablation of terminally 
moulted males that had not reached marketable size has 
been recently suggested in India. This assumes that if a 
blue-claw animal has not crossed the harvest size boundary 
at its final orange-claw to blue-claw metamorphic moult, 



334 


Freshwater Prawns 


claw ablation could be used to improve yields by promot¬ 
ing further moulting and growth until the individual re¬ 
establishes a blue-claw rank with a larger size (Harpaz 
et al. 1987, Sagi and Aflalo 2005). Inefficient pond har¬ 
vests result in lost revenue in two ways: by not harvest¬ 
ing all the harvest-sized animals and by under-managing 
the behaviour-based compensatory growth capability of 
the undersized sub-dominant morphotypes. Commercial 
prawn populations can be optimally managed only by a 
complete harvest which, realistically, can be accomplished 
only through pond draining and removal of all the large 
dominant animals. The topic of harvesting grow-out ponds 
is also discussed in Chapter 9. 

16.6.3 Size grading 

Malecha et al. (1981b) suggested a multi-stage, rotational 
stocking and harvesting system for year-round prawn 
monoculture, to replace the traditional continuous stocking 
and harvesting system. The major drawbacks of the tradi¬ 
tional culture system are inefficient management of the HIG 
of prawns, inefficient and labour-intensive harvesting, high 
mortalities among PL stocked into ponds containing large 
prawns and inefficient management of‘residence time’ and 
‘optimal standing crop’. The rotational stocking and har¬ 
vesting system is based on stock manipulation, pre-harvest 
size grading and efficient harvesting through pond drain- 
down whereby market-sized animals are removed and un¬ 
dersized individuals are restocked (Fig. 16.9). This culture 
system emphasises the dynamic use of ponds by stocking 
them at differing densities with size-graded fractions of the 
population (upper, medium and lower fractions). The ra¬ 
tionale underlying the management of HIG by size grading 
and re-stocking prawns was based on compensatory growth 


of small individuals, after the removal of large ones, as re¬ 
ported in salmonids (Gunnes 1976), carp (Nakamura & 
Kasahara 1957) and prawns (Willis & Berrigan 1978). 

Preliminary reports from Hawaii on prawn size grading 
in monoculture, combined with stock rotation, indicated 
increases in prawn mean size and yield and a decrease in 
the time from stocking to harvest, in size-graded popula¬ 
tions compared with non-graded control groups (Malecha 
& Bigger 1984; D’Abramo et al. 1991). The idea of manag¬ 
ing HIG by pre-harvest size grading, which was developed 
in Hawaii (Malecha et al. 1981b), was adapted to the short 
grow-out season of temperate zones (e.g. Israel, Mississippi 
and Kentucky) by size grading nursed populations prior to 
stocking. The stocking of graded large juveniles in intensive 
monoculture appeared to improve the average weight, yield 
and FCR compared with stocking non-graded juveniles into 
similar culture conditions (Ra’anan & Cohen 1983). 

Progress in understanding the effects of size grading of 
prawn populations has been achieved through the care¬ 
ful inspection of its effects on male morphotypes and fe¬ 
male reproductive states (Fig. 16.10) (Karplus et al. 1986b, 
1987; D’Abramo et al. 1991; Daniels & D’Abramo 1994; 
Daniels et al. 1995; Tidwell et al. 2003, 2004a,b). Karplus 
et al. (1986b, 1987) demonstrated for the first time that size 
grading prawn populations had a profound and persistent 
effect on male morphotypes, because of the very early deter¬ 
mination of the male developmental pathway (see section 
16.3.1). Prawns are, in this respect, very different from fish, 
since grading operations in fish have only a temporary effect 
and have to be carried out repeatedly to control size varia¬ 
tion (Seymour 1984; Wickins 1985; Goldan et al. 1998). 

The authors of this chapter suggest that determination 
of the early male developmental pathway is different for the 
small (SM) and large morphotypes (OC and BC). Large 


Fig. 16.9 A four-pond multi-stage ro¬ 
tational scheme with size grading. 

Key: dotted arrows represent stock 
division and rotation to homogeneous 
size classes; Shaded areas in dis¬ 
tributions represent harvested class; 
Hatched bars between periods repre¬ 
sent harvest. Periods can be of dif¬ 
ferent lengths; X represents a certain 
density which may vary at each stage 
depending upon empirically derived 
growth rates. (Modified with permis¬ 
sion from Malecha et al. 1981b.) 
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Fig. 16.10 Relative percentages of male morphotypes 
and female reproductive states at harvest in ponds 
stocked with upper-graded, lower-graded and ungraded 
juvenile prawns. Note: the percentage of small males 
(SM) in the lower-graded fraction is lower than the un¬ 
graded control because of a compensatory morphotype 
shift. (Modified with permission from D'Abramo et at. 
1991.) 


morphotype determination is irreversible. Juvenile prawns 
from the graded upper fraction of the population develop 
into the large OC and BC males at a much higher frequency 
than non-graded populations stocked at the same density 
(Karplus etal. 1986b, 1987; D’Abramo etal. 1991; Daniels & 
D’Abramo 1994). The proportions of the various male mor¬ 
photypes among upper-fraction prawns were not affected 
by stocking density (Daniels etal. 1995;Siddiquiefai. 1997), 
in contrast to those from non-graded populations (Karplus 
et al. 1986a). Small morphotype determination is reversible, 
allowing a compensatory shift from the SM to the OC and 
BC morphotypes in the absence of large prawns. This com¬ 
pensatory shift is time demanding. The proportion of SM 
in the lower third of a graded population (50%) was higher 
than that in the non-graded control population (33%), 
following 97 days of grow-out (Karplus et al. 1987). How¬ 
ever, the SM proportion, following a longer, 130-day grow- 
out (Daniels & D’Abramo 1994), was reduced to 26% in 
the graded lower third of the population compared with a 
34% SM frequency in the non-graded population. The ef¬ 
fects of size grading are more pronounced in males than 
females because of the early determination of the male 


developmental pathway, whereas graded females are mainly 
affected by changes in their weight. However, in a recent 
study in Kentucky, Tidwell et al. (2004a) reported a more 
pronounced effect of grading on females than on males. 

Size grading of nursed juvenile populations (see also 
Chapter 7) prior to stocking has a profound effect on in¬ 
come, because of the early determination of male morpho¬ 
types. The income from upper-fraction prawns has been 
found to be 9 times as great as that obtained from lower- 
fraction prawns after a short grow-out season of 97 days 
(Karplus et al. 1987). An increase in the weighted income 
from all graded fractions, compared with that from the 
non-graded control, can only be achieved during a long 
grow-out season, which ensures sufficient time for a com¬ 
pensatory shift in male morphotypes. Differences in harvest 
mean weight of graded populations are mainly associated 
with changes in the relative proportions of male morpho¬ 
types in the harvested population (D’Abramo et al. 1991). 
Following a short grow-out season of only 97 days, grad¬ 
ing prawn populations into 3 fractions did not result in a 
weighted increase in net income compared with that from 
the control (Karplus et al. 1987). Extending the grow-out 
season to 135 days resulted in a 22 to 26% increase in 
weighted profit because of grading (Daniels & D’Abramo 
1994). An additional extension of the grow-out season to 
165 days resulted in a dramatic change in male morphotype 
proportions and at least a 2-fold increase in income because 
of grading (D’Abramo etal. 1991; Fig. 16.10). Although the 
above studies were carried out at different localities within 
the temperate zone, and with some differences in stocking 
densities, the enhancement of the effect of grading on profit 
with extension of the grow-out season is clear, which means 
that the tropical zone is the most suitable for prawn cul¬ 
ture, also from the point of view of managing HIG through 
size grading. The only reported study on size grading in 
the tropics was carried out by Ranjeet & Kurup (2002b) 
in Kerala, India. These authors advocated size grading, but 
the findings of their study were inconclusive because of the 
extremely low and variable survival of their graded prawns 
(between 12.5 and24.1%). Tidwell etal. (2004a) suggested, 
on the basis of an economic analysis, that a grow-out period 
of 120 days is sufficiently long to yield a net profit as a re¬ 
sult of size grading. Size grading seems to be advantageous 
in the limited grow-out season in the temperate climate 
zone, provided that the graded juveniles are large enough 
at stocking following a substantial nursery phase. 

We believe that size grading of juveniles prior to stocking 
is not implemented in commercial prawn culture because of 
lack of awareness of its power and ease of practice. Farmers 
purchasing juveniles for stocking are more concerned with 
their size than with their ranking in the prawn population. 
Small juveniles originating from the upper fraction of the 
population are much more valuable than larger juveniles 
















336 


Freshwater Prawns 



B chain 

Mr-IAG YEIECLSVDFDCGDITNTLASVCLR B—NNYINPGPTYVSKERR 42 
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originating from the lower fractions, because of their supe¬ 
rior growth potential. Nursed prawns resemble the contents 
of a milk bottle, which are not homogenous but have the 
more valuable fat ingredients located in the upper fractions. 

Tidwell etal. (2004b) suggested that advanced technolo¬ 
gies such as size grading and added substrates are not 
adopted by prawn growers in the temperate zone, because 
they require additional labour and investment and growers 
are not yet convinced that these technologies are economi¬ 
cally justified. In order to convince prawn growers to adopt 
these technologies, Tidwell et al. (2004b) compared the 
impacts of different management technologies on produc¬ 
tion, population structure and economics. The high-input 
technologies (i.e. size-graded prawns, added substrates and 
phase feeding) were found to be superior to the low- and 
medium-input technologies. However, the different tech¬ 
nologies have still to be compared under commercial-scale 
farm conditions. Added support for the high-input tech¬ 
nology was also provided by a break-even price analysis 
computed for several different technologies in hypothetical 
freshwater farms (Dasgupta & Tidwell 2003). This topic is 
also discussed in Chapter 10. 

16.6.4 Monosex culture and sex reversal 

Culture of monosex populations is a common procedure in 
animal husbandry. Differences between males and females 
of the same cultured species, in growth rate, alimentary 
needs and behavioural patterns, dictate the need to establish 
management systems specifically adjusted to one sex or the 


other. Moreover, since a monosex culture population is in¬ 
herently non-breeding, energy is diverted to growth; repro¬ 
duction can be carried out in separate, controlled systems. 
The monosex culture strategy has become a common prac¬ 
tice in fish culture (Mires 1977; Tayman & Shelton 1978) 
and attempts were made to apply it in crustacean culture 
(Curtis 8c Jones 1995; Sagi et al. 1997a). The first attempt 
at monosex culture of M. rosenbergii was carried out in a 
small-scale, intensive cage culture system (Sagi etal. 1986). 
An all-male population yielded 473 g/m 2 within 150 days, 
whereas an all-female population and a mixed population 
produced 248 and 260 g/m 2 , respectively, during the same 
grow-out period. Not only was the total yield higher un¬ 
der all-male stocking but also prawns of the all-male group 
reached market size at a faster rate, prolonging the fresh 
product marketing period and permitting the use of the 
vacant space for further production (Sagi et al. 1986). Fol¬ 
lowing this small-scale cage experiment, monosex culture 
was tested under intensive prawn monoculture conditions 
in earthen ponds, and similar results were achieved (Cohen 
et al. 1988). The all-male stocking also proved superior in 
total marketable yields, average weight, calculated income 
per unit area and time to harvest. The procedure was also 
tested in polyculture ponds (Hulata et al. 1988). However, 
although all-male stocking yielded an increase of 18% in 
net income, the conclusions of this study were that the im¬ 
provement in income was not large enough to justify the 
implementation of manual sexing, and that an efficient way 
of producing prawn monosex populations is required. On 
the other hand, all-male monosex culture of M. rosenbergii 


Fig. 16.11 Identification and characterisation of M. rosenbergii insulin-like AG (Mr-IAG) gene. (Modified with permis¬ 
sion from Ventura etal. 2009; copyright 2009, The Endocrine Society.) 

(a) RT-PCR (reverse transcriptase-polymerase chain reaction) showing expression of Mr-IAG only in the AG. /S-actin 
is used as positive control. RNA is used as negative control. 

(b) Localisation of Mr-IAG was performed by RNA in situ hybridisation. A strong specific signal in the AG was detected 
by the antisense probe only. 

Key: H&E: Haematoxylin & Eosin staining; SD: sperm duct; AG: androgenic gland. 

(c) Multiple sequence alignment of the putative mature Mr-IAG peptide with all other known AG specific insulin¬ 
like peptides (Based on SMART results and done by ClustalW; Modified from Ventura et al. 2009.). Notes: Cys¬ 
teine residues are boxed. Conserved predicted disulfide bridges are linked. Predicted A/-glycosylation sites are 
circled. 

(d) Temporal silencing of Mr-IAG using dsRNA injections inhibits testicular spermatogenesis. Notes: In the Mr-IAG 
dsRNA injected individual there is an empty sperm duct (SD) as opposed to the spermatozoa-filled sperm duct in the 
vehicle-injected individual. In the Mr-IAG dsRNA injected individual there are inactive testis lobules (TS) as opposed to 
the active testis lobules in the vehicle-injected individual, containing both spermatogonia (sg) and spermatozoa (sz). 

(e) Temporal silencing of Mr-IAG using dsRNA injections inhibits regeneration of male secondary characteristic - the 
appendix masculina (AM). Notes: At the start of the injections all individuals had one AM removed. By the end of 
the repeated injections period (8th week), all of the vehicle injected individuals regenerated their AM as opposed to 
most of the Mr-IAG dsRNA injected individuals, which did not. This inhibition in AM regeneration was reversible, as all 
Mr-IAG dsRNA injected individuals regenerated their AM by the 15th week. The end of the repeated-injection period 
is marked as - (8th week). In the centre - an illustrated second pleopod with appendix interna (hollow arrowhead) 
and appendix masculina (black arrowhead). 
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has emerged as a popular practice in India, especially in 
the state of Andhra Pradesh. Based on this trend, a large- 
scale study was conducted to compare the economics of 
all-male, mixed and all-female culture. The experiment was 
conducted using a completely randomised design and the 
economic analysis revealed that all-male monosex culture 
of M. rosenbergii was 63.13 and 60.20% more profitable 
than mixed and all-female cultures, respectively (Nair et al. 
2006). 

Several attempts have been made to study sex heritabil- 
ity in M. rosenbergii, by crossing either AG-ablated males 
with normal males or AG-implanted females with normal 
females. Complete sex reversal in males was achieved by 
the surgical removal of the AG in juveniles, leading to the 
development of functional neo-females capable of mating 
and producing progeny (Sagi & Cohen 1990). Functional 
sex reversal of females, leading to the development of neo¬ 
males, was achieved by implanting AG into the youngest and 
smallest prawns that could be identified as females (Malecha 
et al. 1992). Both studies were incomplete, in the sense that 
a technology to produce crustacean monosex populations 
as an aquacultural procedure was not derived from either. 
However, in both cases, progeny was obtained when fer¬ 
tile sex-reversed animals were crossed with normal prawns. 
Mating of neo-females with normal males produced al¬ 
most all males, whereas mating of neo-males with normal 
females produced a skewed sex ratio in favour of females. 
The sex ratio of the offspring supported the homogametic 
male theory, in keeping with Katakura (1989). However, 
the chromosomal sex-determining mechanism might be 
imperfect because of additional environmental, epigenetic 
and genetic factors (Malecha et al. 1992; Rungsin et al. 
2006). 

The early trials of monosex culture involved the manual 
sexing of M. rosenbergii populations prior to stocking 
(Sagi et al. 1986). Two decades later this procedure became 
popular in South Eastern Asian countries, most notably 
India (Nair et al. 2006). This procedure requires skilful 
workers and is extremely labour-intensive and thus not 
applicable under farm conditions throughout the world. 
All-male populations are hypothetically suggested to be 
commercially generated by the application of the andro¬ 
genic hormone, produced in commercial quantities by 
biotechnological methods such as those used by Sun (1994, 
1995, 1997) or gene silencing (Ventura et al. 2009; see 
also Chapter 15). Figure. 16.11 summarises the discovery 
of an insulin-like AG (Mr-IAG) gene in M. rosenbergii-, 
its ‘silencing’ (Chapter 15) affected spermatogenesis, the 
development of external sex characters and growth. 

In recent years, we have witnessed attempts to estab¬ 
lish monosex culture with more advanced microsurgical 
biotechnologies, using both first and second generation sex 
reversal schemes based on AG removal (Aflalo et al. 2006; 


Rungsin etal. 2006). Further research and development are 
still needed, to establish a feasible technology for the com¬ 
mercial production of monosex prawn populations (Sagi & 
Aflalo 2005). Recent discoveries of genes related to the con¬ 
trol of sexuality in crustaceans (Manor et al. 2007; Ventura 
et al. 2009) might open new avenues in our attempts to con¬ 
trol size variations in cultured prawns. Further reading on 
the topics of monosex culture and sex-reversal is available 
in Chapter 15. 
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Commercial Freshwater Prawn Farming 
and Enhancement around the World 

Michael B. New and Methil Narayanan Kutty 


The history, and the global and regional status of freshwa¬ 
ter prawn farming has been discussed in Chapter 1, which 
includes the official Food and Agriculture Organization 
(FAO) production statistics. The present chapter comprises 
a compendium of the results of a questionnaire which gath¬ 
ered information about the current status of the commercial 
aquaculture and fisheries enhancement of Macrobrachium 
rosenbergii at a national level. 

Published information on the characteristics of capture 
fisheries for Macrobrachium spp. is sparse, and a consider¬ 
able proportion concerns the Indian sub-continent, mainly 
India. Some information on the capture fisheries for fresh¬ 
water prawns was provided in the review by New et al. 
(2000). However, since the level of information remains 
sparse, we have decided that this topic does not merit con¬ 
sideration in the current review, which therefore concen¬ 
trates solely on farming and enhancement activities. With 
regard to fisheries enhancement, our main achievement in 
this chapter may have been to identify the continued in¬ 
adequacy of statistical information and the general lack of 
scientific studies on this topic. There is a clear need for re¬ 
search in this field, with a view to enhancing natural and 
supporting culture-based fisheries for Macrobrachium spp., 
which are prized by consumers within the countries where 
they are indigenous and provide significant existing and 
potential export opportunities. Natural freshwater prawn 
fisheries tend to be declining, though the effect of this on 
the market supply has been masked in many countries by the 
emergence of farmed production since the 1970s. Fisheries 
enhancement programmes (e.g. in India and Thailand) for 
freshwater prawns are thought to be beneficial. 

Information on most of the major countries where Mac¬ 
robrachium is important has been obtained through this 
informal survey. 1 Where appropriate, this information has 


1 The primary monetary values given in this chapter are 
those reported. Where data is in local currency approxi- 


been supplemented with published information which, to 
avoid cluttering the text, has been cited in section 17.9. 
Those who co-operated in providing this information are 
gratefully recognised in the general acknowledgements sec¬ 
tion of our book. 

A number of fundamental decisions had to be made in 
assembling the information presented within this chapter: 

• Firstly, there were some divergences of opinion where 
multiple national questionnaires were returned; the au¬ 
thors have therefore used their own judgement and ex¬ 
perience in synthesising this material for presentation. 

• Secondly, some readers may have wished to see some 
form of global summary about the technology employed 
in commercial freshwater prawn farms and hatcheries 
at the end of this chapter. However, any examination of 
the material presented soon shows that farming practices 
are very diverse. The authors therefore decided to avoid 
the artificial generalisations that such a section would 
have necessitated, leaving each reader to form his or her 
own opinion. Other chapters of this book thoroughly 
review the technical issues, while information on the 
global scale of freshwater prawn farming is reviewed in 
Chapter 1. 

• Thirdly, in the belief that many readers may choose to read 
about activities on a country-by-country basis, the au¬ 
thors have structured the chapter by country and region. 

• Fourthly, it is recognised that some of the numerical state¬ 
ments contained within this chapter may conflict with the 
analyses presented in Chapter 20 (economics and busi¬ 
ness management). The authors of the current chapter 


mate conversions into US Dollars at typical rates in 2008 
have also usually been provided in an attempt to make 
some comparisons possible. However, the US Dollar figures 
should be viewed with great caution by readers because of 
the volatility of currency exchange markets. 
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decided that, since much of the information presented 
here is not supported by documentary evidence, it would 
be wrong to offer it for analysis within Chapter 20. 

• Finally, we emphasise that the contents of this chapter 
do not comply with the normal standards of scientific 
enquiry, which are followed in the other chapters 
of our book. We merely present information culled 
from personal contacts and published literature, both 
peer-reviewed but mostly ‘grey’, that we think will be 
interesting to scientists working with freshwater prawns 
and to entrepreneurs considering entry into this form of 
aquaculture. 

In studying the contents of this chapter, the reader will 
quickly realise that there is little correlation between the 
scale of national production and the amount of informa¬ 
tion available. For example, in addition to the description of 
activities in major producing countries in the eastern and 
western hemispheres (e.g. China, Thailand, Brazil), con¬ 
siderable detail has been provided about freshwater prawn 
farming activities in some of the minor producing countries 
(e.g. the Caribbean). This information has been presented 
in full because it is expected to be of interest to the readers 
of this book. It is worth reflecting on the fact that though 
the aquaculture production of some small or sparsely popu¬ 
lated countries is very low, its relative economic importance 
within their national economies may exceed that of this sec¬ 
tor in major producing nations (New 1997). This applies as 
much to freshwater prawn farming as it does to other forms 
of aquaculture. 


17.1 Asia 

Separate sections have been provided on the 9 Asian coun¬ 
tries whose production of farmed freshwater prawns has 
risen at some time to over 1000 t/yr (sections 17.1.1-17.1.9), 
while the others are grouped together in section 17.1.10. 

17.1.1 Bangladesh 

17.1.1.1 Farming 

Freshwater prawn farming is currently (2009) one of 
the most important sectors of the national economy in 
Bangladesh. The farming of this indigenous species, known 
as ‘golda chingri, began in this country in the early 1970s but 
its output was not separated from other crustacean produc¬ 
tion in statistical returns to the FAO until 1995. Cultivation 
began in the southwest (Bagerhat district) and spread to 
other districts (Khulna, Satkhira and Jessore) in the early 
1990s. By the late 1990s, prawn farming had become one 
of the most financially attractive investment opportunities 


for small farmers. In the early 2000s, prawn farming be¬ 
gan to spread to other parts of Bangladesh (e.g. Noakhali, 
Patuakhali and Mymensingh districts). Official FAO statis¬ 
tics indicate that the production of farmed M. rosenbergii 
in Bangladesh had reached over 23 2001 by 2007. An esti¬ 
mated 28 0001 was produced in 2008. More than 400 000 
people are directly or indirectly involved in the prawn pro¬ 
duction of Bangladesh. Rapid commercial development has 
occurred in the Bagerhat region of Southwest Bangladesh. 
Khulna is also a major freshwater prawn farming area. 
There is considerable national surplus processing capac¬ 
ity, and the social and environmental conflicts associated 
with marine shrimp farming continue to make freshwa¬ 
ter prawn farming more attractive. It is estimated that the 
number of freshwater prawn farms is more than 105 000 
with a total area of 50 000 ha; many are very small (0.16— 
1.0 ha). Some, perhaps one fifth, rear prawns in brackish- 
water. The development of more prawn farms seems to be 
imminent. 

Most of the juveniles used to stock ponds are caught 
from the capture fisheries of rivers (such as Icchamoti, 
Koira, Pasur, Rupsha and Shibsha) within 80 to 160 km 
(50-100 miles) of the coast and in heels (natural depres¬ 
sions), using simple push nets to obtain 12 to 15 mm post¬ 
larvae (PL). Push-netting, while being a valuable source 
of employment, has a high environmental cost. One esti¬ 
mate is that over 1000 other organisms are discarded for 
every Macrohrachium juvenile caught. Over 80 hatcheries 
with an operational capacity of 500 million PL had been 
built by 2007. However, many farmers prefer wild seed, 
claiming that hatchery-reared PL are of lower quality. Ac¬ 
tual hatchery production at this time was around 100 
to 160 million PL/yr, leaving an estimated deficit of over 
1 billion PL/yr to be covered by wild stock or by imports 
of seed from India and Thailand. The cost of PL in 2007 
was US$43 to 71/1000, more than 4 times what it was a 
decade earlier. Costs in 2007 for 5.0 to 8.0 cm juveniles 
were US$100 to 115/1000. Many hatcheries are situated 
coastally but many are inland and use brine to create the 
necessary brackishwater; most obtain their broodstock at 
least partly from tidal rivers, beels, grow-out ponds and 
floodplains. A survey of 24 hatchery operators, 20 brood- 
stock suppliers and 32 wild broodstock collectors in 2007 
found that 33% of hatcheries used wild broodstock only; 
only 13% obtained broodstock solely from grow-out pond 
sources, while the rest (54%) sourced broodstock from both 
farms and the wild. Several hatcheries are operated by non¬ 
governmental organisations (NGOs). In 2007 wild brood¬ 
stock cost US$ 4.50 to 7.10 each, whereas broodstock from 
grow-out ponds cost US$ 1.40 to 2.15. Although M. rosen¬ 
bergii is indigenous, some stocks were introduced from 
Thailand in the early 1990s, so there has been some in¬ 
teraction between different strains. However, no attempts 
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have yet been made to improve the quality of broodstock 
by breeding technology. Hatchery tanks are stocked at 50 
to 100/L in clear water (i.e. not greenwater) systems; most 
have flow-through water supplies but some recirculation 
hatcheries exist. Artemia nauplii (egg cost in 2007: US$ 57- 
72/kg) and egg custard are fed to the larvae. Some parasiti¬ 
cal and bacterial diseases are reported to occur and the use 
of formalin, bleaching powder, potassium permanganate, 
malachite green and oxytetracycline in hatcheries is com¬ 
monplace. Despite this, survival to PLis very low (10-30%). 

The use of large (5-8 cm; 1.5-5.0 g) juveniles for stock¬ 
ing grow-out ponds has been encouraged because of their 
better growth and survival characteristics. Separate nursery 
practices are yet to be developed in the country. More than 
80% of prawn farms are situated in the southwest region 
of Bangladesh, where low-lying rice fields (known as ‘ ghers ’ 
are used for prawn culture. Rice is grown from December to 
April, while the ghers are used for freshwater prawn culture 
from April to November/December. Canals are excavated 
inside the periphery of the dykes; these have a water depth 
of about 1 m and a width of 3 to 5 m. The dykes are also 
often used for growing vegetables. Farmers use a small part 
of such canals as nursery areas where they stock PL at about 
250 000/ha, according to their requirement and availability. 
Juveniles grown up in these nursery-canals spread over the 
whole gher during the inundation that occurs at the on¬ 
set of the monsoon. These nursery areas vary from 0.008 
to 0.08 ha and they and the ghers are prepared by drying, 
sludge removal and the application of lime (CaO) at 125 
to 250 kg/ha. Most farmers do not use fertilisers but some 
apply urea and TSP at 10 to 50 kg/ha. Others also apply 
mustard oil cake at 25 to 50 kg/ha. Bamboo sticks ( konchi ), 
tree branches, coconut palm and date tree leaves are placed 
in them to provide shelters. Commercial nursery feeds are 
mainly used but some farmers apply a mixture of wheat 
flour and egg yolk initially. Feeding occurs twice daily. PL 
grow to juveniles during a period of 30 to 60 days, depending 
on the onset of the monsoon. Almost all juveniles produced 
are used within the farmers’ own ghers; few farmers sell ju¬ 
veniles to others but when they do so the price is US$ 71 to 
114/1000). 

Although some farmers practice freshwater prawn 
monoculture, most polyculture prawns with catla ( Catla 
catla) at 500 to 1250/ha, silver carp ( Hypophthalmichthys 
molitrix) at 500 to 1250/ha and rohu ( Labeo rohita) 
250 to 1000/ha. Sometimes 50 to 125/ha of grass carp 
(Ctenopharyngodon idella) are also stocked; some farmers 
have started including giant tiger prawns ( Penaeus mon- 
odon , known locally as ‘bagda’) at 15 000-25 000/ha. The 
polyculture of tilapia ( Oreochromis niloticus) with fresh¬ 
water prawns in periphyton-based ponds has also recently 
been researched. Production systems include extensive, im¬ 
proved extensive, semi-intensive, mixed culture with carps, 


and integration with rice farming (gher farming). Where 
ponds are used, sizes range from less than 0.1 to 0.6 ha. It 
is estimated that over 45 000 ha of ponds are devoted to 
prawn monoculture and polyculture, mostly in three dis¬ 
tricts of Greater Khulna, but the level of technology is still 
low. Some farms, associated with various projects, use a 
continuous cropping system. 

As mentioned earlier, most prawn culture takes place 
in low-lying rice fields (ghers) that usually range from 0.2 
to 0.8 ha. Culture starts with the introduction of 10 000 
to 40 000/ha (average 25 000/ha) of PL as soon as they are 
available (April-June) or 10 000 to 20 000/ha of 5 to 8 cm ju¬ 
veniles reared from wild-caught PL (it is interesting to note 
that these are preferred over hatchery-reared animals). The 
prawns spread into the whole gher with the onset of the 
monsoon. Continuous cull-harvesting occurs at approxi¬ 
mately 15 day intervals using seine and cast nets, with a 
total harvest at the end of the growing season by dewater¬ 
ing the paddy and capture from the peripheral canals. The 
rearing season is from April/May to November/December, 
one crop taking about 4 months. 

Meat of the snail Pila globosa has been used as a feed at 
59 to 74 kg/ha but there is a shortage of snails (2007 cost: 
US$ 140-210/t); the collection of these snails has created 
interesting employment opportunities. Some farmers use 
a farm-made mixture of rice and wheat bran and oilseed 
cake and sometimes fish meal, which costs US$ 285 to 360/t. 
Most farmers use commercial feeds (US$ 360-430/t). Al¬ 
though fertilisation occurs during the rice season, most 
farmers do not apply fertilisers during the prawn season. 
However, some use 20 to 40 kg/ha of each of urea and triple 
superphosphate, applied monthly, while others use 12.5 to 
25.0 kg/ha of these two inorganic fertilisers applied fort¬ 
nightly together with cow dung at 250 to 500/ha. Most 
farmers use cow dung. Some also lime their ghers. Feeding 
rates are 4 to 10% body weight (BW), spread throughout 
the ponds/ghers, and typical Feed Conversion Ratio (FCR) 
is 2.5 to 3.0:1. 

A local survey has shown that the average production of 
freshwater prawns is just over 550 kg/ha in addition to the 
output of carps. The favoured harvest size is 50 to 100 g for 
males and 30 g or more for females. Freshwater prawns are 
cultured in most areas of Bangladesh, including Khulna, 
Bagerhat, Satkhira, Mymensingh, Jessore, Noakhali and 
Barisal. Predation is not a problem and disease causes only 
minor losses; black spots, loss of appendages and rostrum 
deformities have been observed in gher farming. These are 
believed to be symptoms of poor management, which is a 
consequence of poor water supply and drainage facilities. 
The major problem is the inadequate supply of PL and ju¬ 
veniles, particularly in the first half of the year. Year-round 
availability of PL and juveniles and water would enable 
substantially increased national production. 
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The peak prawn harvesting season in ghers is from 
November to January. Ideally, the harvested prawns are 
graded, cleaned with well water and kept in containers un¬ 
til sold to traders. The farm-gate value of the product varies 
according to grade (US$ 2.60-6.50/kg in SW Bangladesh). 
About 60 to 80% of the freshwater prawns harvested are es¬ 
timated to be sold to processors through middle-men, with 
a small quantity being sold farm-gate and in local markets. 
It is estimated that the proportion of the farmed production 
which is currently (2007) exported is about 70% but domes¬ 
tic consumption is increasing. Most of the exported animals 
originate from gher culture. Exports are mostly head-on, 
to Belgium, Egypt, the Netherlands, Germany, the United 
Arab Emirates and the USA. In 2006, both Italy and the 
UK notified the European Commission that a metabolite of 
the antibiotic and growth promoting substance nitrofuran 
had been detected in freshwater prawns from Bangladesh. A 
similar problem was reported in Canada in 2002, which re¬ 
lated to freshwater prawns imported from Thailand. These 
examples are neither specific to these two countries nor to 
freshwater prawns but reflect the need to place the utmost 
importance on food product quality, particularly if an aqua¬ 
culture export industry is involved. Both government and 
private sectors in Bangladesh are alert to this issue and stren¬ 
uous efforts are being made to improve freshwater prawn 
farming, handling and processing technology, to adhere to 
HACCP, and to establish quality control certification (such 
as the Shrimp Seal of Quality). 

The Greater Noakhali Aquaculture Extension Project 
(GNAEP) was reported in 2006 to be promoting the small- 
scale culture of M. rosenbergii for export and that this would 
lift some farming households out of poverty within two 
years. GNAEP was concentrating its efforts on women- 
headed households. As part of these efforts, the GNAEP 
helped poor inshore coastal fishers to process sun-dried 
fish as a feed ingredient and established partnerships with 
hatcheries. These developments, the construction of an 
HACCP approved processing plant, and attempts to cluster 
small farms under a certification scheme are most encour¬ 
aging for the future of freshwater prawn farming, not only 
in Bangladesh but elsewhere. The small-scale culture of 
Macrobrachium is often thought of as an activity supplying 
domestic needs, mainly local markets, restaurants and ho¬ 
tels. However, the potential for poor farmers to participate 
in an export industry has been demonstrated. 

Bangladesh exported 11 0401 of freshwater prawns in 
2005/06, which was about twice that of India in the same 
year (see section 17.1.3.1), in spite of the lower farmed pro¬ 
duction reported for Bangladesh. However, Indian exports 
include more value-added products exploiting emerging 
markets, while Bangladesh still relies largely on export of 
head-off, frozen blocks of prawns. Exports of prawns from 
Bangladesh increased from 54371 (18% of total frozen food 


exports) in 2001/02 to 11 0401 (23%) in 2005/06, mostly to 
the EU and USA. About half of the 132 prawn processing 
plants in Bangladesh are not licensed for export to the EU; 
most of these are under-utilised. 

Some rice farmers in Southwest Bangladesh have 
switched to the export-oriented and lucrative prawn farm¬ 
ing in the last decade. This has led to a local economic 
boom causing ecological and managerial problems, which 
may threaten the sustainability of prawn farming. Also, ow¬ 
ing to the pressure to adopt global standards, small farmers 
are finding it difficult to survive. In spite of the improved 
economy of the farming community that has resulted from 
switching from rice farming to prawn culture, the status of 
poor households/landless workers has not improved and 
the gains of local workers have been threatened by the mi¬ 
gration of workers into their district that are willing to work 
for lower wages. 

Despite these problems, annual national production is 
expected to rise very substantially in Bangladesh; a great 
future is predicted for the sector, particularly for rice- 
freshwater prawn farming. Further development is being 
encouraged by government through national and overseas- 
aided projects, specifically by the ‘freshwater prawn culture 
extension project’ that began in 2006, and by NGOs. Dis¬ 
ease problems are quite common and genetic deterioration 
has been observed. General problems in Bangladesh are 
caused by regular flooding and cyclones, which can result 
in total loss of stock; these are being tackled by increas¬ 
ing the height of dykes and by placing nets along their 
apexes. Other constraints that need addressing as the sector 
expands include the shortage and high cost of PL and/or 
juveniles; poor quality seed due to the use of smaller berried 
females by hatchery operators; difficulties in water supply 
and drainage; high feed costs; insufficient farmer credit; 
indebtedness to traders and middle-men; a lack of icing 
facilities close to farm sites; poor marketing systems; and 
inadequate co-ordination between different stakeholders. 

17.1.1.2 Enhancement 

No fisheries enhancement activities had been reported in 
Bangladesh by 2007 but the Faculty of Fisheries of the 
Bangladesh Agricultural University was planning work in 
this topic and looking for technical assistance and funding 
partnerships. 

17.1.2 China 
17.1.2.1 Farming 

Though M. rosenbergii were first introduced into China 
in 1976 from Thailand (via Japan?) and first bred there 
in 1977, farming activities were minimal for the following 
10 years. However, interest in culturing this species was 
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stimulated following the severe decline in Chinese marine 
shrimp production that occurred in the early 1990s. The 
production of the fleshy shrimp Fenneropenaeus chinensis 
fell from a peak of nearly 220 0001 in 1991 to 88 0001 in 
1993 and 64 0001 in 1994. Although production of fleshy 
shrimp recovered to an estimate of 192 3001 in 2000, it de¬ 
clined again rapidly to an actual (census) level of45 0001 in 
2007, as reported to the FAO (although the China Fisheries 
Yearbook is reported to state that it was about 99 0001 in 
2005 and 109 0001 in 2006). Whiteleg shrimp ( Litopenaeus 
vannamei) has become the predominant species in the Chi¬ 
nese marine shrimp farming industry, production reaching 
nearly 1 066 0001 in 2007. It is important to realise that 
about 50% of Chinese whiteleg shrimp production occurs in 
freshwater and this species is sometimes described as a fresh¬ 
water shrimp and included when the statistics of freshwater 
prawn farming in China are discussed by other authors. 

Farmed production of M. rosenbergii was not recorded 
separately in returns for FAO statistical data until 1996 
but other estimates show that production expanded very 
rapidly, from under 40001 in 1993 to over 14 0001 in 1994. 
By 1995 it had increased to nearly 27 0001 and in 1996, when 
China first reported production to the FAO, its farmed out¬ 
put of this species was over 37 0001. By 2001, output had 
increased to a peak of over 111 0001. Production then fell 
during the following 2 years to 75 4001 in 2003, probably 
impacted by the concomitant and rapid development of the 
farming of another, indigenous, freshwater prawn species, 
the oriental river prawn ( Macrobrachium nipponense), as 
described in Chapter 21. Production of the latter species 
was over 192 4001 in 2007. Nearly 41 0001 of other fresh¬ 
water palaemonids were also produced in 2007. Thus the 
farming of M. rosenbergii forms only a portion of the total 
production of freshwater prawns in China. 

Several other factors have contributed to the decline in 
M. rosenbergii production from its peak in 2001, including: 

• decreased product value, rapid development of freshwa¬ 
ter prawn culture in China up to 2001, stimulated by 
increasing market demand and high economic returns, 
eventually resulted in reduced farm-gate values (whereas 
M. rosenbergii used to fetch US$ 6/kg, by 2003 it had fallen 
to US$ 3/kg during the major harvesting season); 

• alternative species: the use of available facilities for the 
production of other crustaceans, principally Litopenaeus 
vannamei; 

• marketing problems-, freshwater prawns are sold domesti¬ 
cally; Chinese consumers prefer the taste of the smaller 
indigenous species M. nipponense, and 

• transport and processing problems: Chinese consumers 
prefer to purchase prawns live; the great distances be¬ 
tween production centres and major domestic markets 
constitutes a major difficulty. 


Despite this, production of M. rosenbergii began to rise 
again after 2003 and had reached over 124 5001 by 2007. 
Production was therefore still more than 27 times greater 
in 2006 than in 1993, a meteoric increase. It is believed that 
the industry is likely to expand in the future. Should China 
choose to enter its farmed freshwater prawns into interna¬ 
tional markets, the competition to other major producers, 
such as Bangladesh, India and Thailand, would be severe. 
China is now established as by far the major freshwater 
prawn farming country, with a total production of M. rosen¬ 
bergii and M. nipponense of nearly 317 0001 in 2007. Rice- 
land prawns ( Macrobrachium lanchesteri) are also produced 
and may be included in the statistical category ‘freshwater 
prawns, shrimps nei; Palaemonidae ’) that China reports to 
the FAO (~41 0001 in 2007). 

Guangdong province is a major location for the farming 
of M. rosenbergii. Other important rearing areas include the 
provinces of Jiangsu, Shanghai, Zhejiang, Anhui, Hubei, 
Guangxi, and Fujian. By 2000 alone, freshwater prawn cul¬ 
ture had expanded into 24 provinces and autonomous re¬ 
gions of China. It has been estimated that about 60% of the 
national production comes from monoculture and almost 
all the rest from polyculture. There is also some cultivation 
integrated with crop production. Most culture occurs in 
freshwater but some rearing in brackishwater (in areas of 
saline/alkaline soil, at 2-3 p.p.t.) also occurs. Some prawns 
are reared in the colder areas of China in hot spring waters. 
Some 50 to 70% of M. rosenbergii farms are less than 1 ha 
in area; only 5 to 10% are over 5 ha. 

The expansion of farming was so rapid that PL had to 
be imported at one stage. It has been reported that over 
200 million PL/yr were brought in from Thailand in the 
period 1993 to 1996. The Shanghai and Guangxi areas be¬ 
came a focus for seed production of freshwater prawns. 
After the first hatchery was constructed there in 1993, a 
further 93 hatcheries have been built so far. Nowadays, 
domestic PL supply is reported to be adequate or exceed¬ 
ing demand. Farms now usually obtain M. rosenbergii PL 
from local hatcheries, sometimes operating their own, but 
also (rarely) from hatcheries in other areas of China. Esti¬ 
mates of the total numbers of hatcheries vary wildly (from 
20-250), as do the estimates of typical hatchery capacity 
(10-800 million/yr); some hatcheries also produce marine 
shrimp and crabs. These differences are probably because 
there are a number of large commercial hatcheries but also 
many small backyard hatcheries, as in Thailand. Total seed 
production was estimated to have reached over 26 billion/yr 
by 2007. 

Broodstock are brought indoors as soon as the tempera¬ 
ture falls to 18°C. They are over-wintered at 20 to 22°C at 
a 3 to 4:1 femaleimale ratio in 50 m 3 concrete tanks. The 
peak hatchery activity is in April. Larval stocking rates are 
up to 100/m 3 and the systems are mainly clear water; most 
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operate flow-through systems but, depending on location, 
some use recirculation. About 80 to 90% of the hatcheries 
are inland. The average price paid by farmers for PL in 
1999 was US$ 23/1000. Prices for 2 to 3 cm juveniles were 
US$ 115/1000. The high costs of PL and juveniles reflect the 
necessity to over-winter broodstock in heated facilities and 
to operate heated nurseries to maximise grow-out time. 
Genetic degradation, in the form of earlier maturation, 
smaller adult size and weakened disease resistance has been 
observed. In 1991 it was reported that about 90% of the PL 
of M. rosenbergii offered for grow-out were the offspring 
of the stock introduced 25 years earlier. Inbreeding has 
clearly occurred since the first introductions from Thailand 
in 1976 but the problem has been ameliorated by further 
introductions. For example, a farm in Hainan was reported 
to have imported a batch of 100 000 freshwater prawn juve¬ 
niles from Thailand in 2001 and to be planning to operate 
a selection process for a breeding programme. Some mass 
mortalities of stage V and stage IX-X larvae (related to a 
combination of water quality, feeds and disease) have been 
reported in China. ‘White prawn disease’ or ‘white muscle 
disease’ has been reported in grow-out animals and some 
losses have occurred in over-wintered broodstock. 

Most farms obtain juveniles from specialist nurseries; 
some farms operate their own. PL are stocked into nurseries 
at 300 to 4000/m 3 , often in 20 to 30 m 3 cement tanks for 
up to 1 month. These tanks may be covered so that the 
cycle can be started earlier to allow juveniles to be stocked 
into grow-out ponds at the earliest opportunity, as soon as 
temperatures are satisfactory. There is also some rearing of 
juveniles in 10 to 40 m 2 cages (0.8-1.0 m deep), stocked at 
1500 to 3000/m 2 , depending on water exchange. Juveniles 
of 2 to 3 cm are obtained within 1 month. 

Grow-out ponds vary from 0.3 to 1.0 ha and may be 
rectangular or square; stocking densities range from 5 to 
23 PL/m 2 . Except for the province of Hainan, the growing 
period is restricted to 120 to 170days/yr. Stocking occurs 
when the water temperature rises above 20°C. It is estimated 
that 60% of production is accounted for by monoculture 
(typical annual yield 2.25-3.00 t/ha). However, some farms 
are reported to stock at 45 to 65/m 2 and achieve production 
rates of 6 to 7 t/ha. 

Much of the national production of giant river prawns 
comes from polyculture. In one type of polyculture, where 
prawns are the primary crop, they are reared with silver 
and bighead carps (typically producing 1.2-1.8 t/ha/crop 
of prawns and 0.75-1.51 of fish). Both farm-made (com¬ 
prising trash fish, shellfish, snails, earthworms, and high 
protein animal and vegetable concentrates, fed individu¬ 
ally or in formulated diets) and commercial feeds are used. 
The latter were reported to cost US$ 300 to 500/t in 1999 
and to achieve an FCR of 2.0 to 2.3:1. Feeding rates are 5 
to 7% of BW. Organic fertilisers are used, usually chicken 


manure applied at 2 t/ha before stocking. In another poly¬ 
culture system, where finfish are the primary crop, prawns 
are stocked at a lower rate and production is typically 0.3 
to 0.9 t/ha/crop of prawns and 5.25 to 7.51 of fish. Diseases 
(mainly in the early stages of culture), including black gill 
disease, black rot disease, black spot disease, rotten tail dis¬ 
ease, milky-white body (muscle) disease and ciliate infesta¬ 
tions, have been major problems. M. nipponense is reported 
to be less affected by these problems than giant river prawns. 

A small amount of rice-paddy production also occurs, 
realising about 0.15 to 0.40 t/ha/crop and increasing income 
by US$ 600 to 1000/ha. In the late 1990s, the culture of M. 
rosenbergii in pens and cages (1.2-1.5 m deep and 15-20 m 2 
in area) in lakes was introduced in China. The yield is 1.0 
to 1.5 kg/m 2 . Some indoor running water culture is also 
practised but both this and pen and cage culture are minor 
contributors to total national production. 

Most polyculture ponds are harvested once (batch cul¬ 
ture), while those under monoculture are selectively culled 
five or six times before final harvesting. The harvest size is 
reported to be 40 to 60/kg (17-25 g). However, some of the 
output from those farms which have higher stocking and 
productivity rates must be of quite small prawns. This is un¬ 
likely to be a problem, since consumers find the smaller M. 
nipponense acceptable (see below). Usually the ‘down-time’ 
for ponds (dry) is about 4 months. Multi-cropping (2-4 
crops/yr) and crop rotation of M. rosenbergii and M. nippo¬ 
nense have become popular means of increasing unit area 
productivity and prolonging the marketing season for fresh¬ 
water prawns, thus raising economic efficiency. 

About 95% of the harvest is sold to wholesalers, the rest 
being sold farm-gate. The whole national production was 
destined for the domestic market in 1999. By 1995 the farm¬ 
ing of M. rosenbergii had already become one of the major 
high-value cultured freshwater species in China. Marketing 
is rather centralised, through middle-men. Frozen prawns 
are not favoured. Batches of 500 to 600 kg of live prawns are 
often successfully air-freighted from Guangdong to Shang¬ 
hai and other cities. 

As noted earlier, China also produces very significant 
quantities of another much smaller, but more temperate, 
freshwater prawn species, namely the oriental river prawn 
M. nipponense (Chapter 21). The province of Jiangsu was 
the main grow-out area for this species but farming has 
spread to the lower reaches of the rivers Yangtze and Pearl. 
M. nipponense is favoured mainly because of its temper¬ 
ature tolerance and consumer desirability. In addition to 
the high production of farmed oriental river prawns, fur¬ 
ther supplies continue to come from the capture fishery for 
this species.Consumers pay considerably more for oriental 
river prawns than giant river prawns. The retail price of 
M. rosenbergii is relatively stable and normally ranges be¬ 
tween US$ 3 to 4/kg, being highest at the beginning of the 
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harvesting season. The retail price of M. nipponense varies 
greatly, according to the season and their size. In 2006 it usu¬ 
ally ranged between US$4/kg and US$ 10/kg, being most 
expensive during the Chinese New Year. 

The concomitant increase in the culture of Litopenaeus 
vannamei in freshwater has been due not only to its market 
acceptability but also to the fact that it has a potentially 
longer grow-out period than M. rosenhergii in the temper¬ 
ate climatic conditions in many Chinese growing areas and 
a much higher potential output per hectare. Another ex¬ 
otic species of freshwater prawns, the monsoon river prawn 
Macrobrachium malcolmsonii (Chapter 23), was introduced 
into China from Sri Lanka for experimental purposes sev¬ 
eral years ago. However, although bred successfully in Wuxi, 
researchers found that the long period of hatching and larval 
rearing, combined with the ease with which berried prawns 
lose their eggs, significantly affected PL production. The 
work on this topic is presently suspended. 

Technically, major technical improvements in the culture 
of both giant river prawns and oriental river prawns have 
occurred. Seed quality of M. rosenhergii has been improved 
by the import of new stock of M. rosenhergii from various 
countries (e.g. from Charoen Phokphand, Thailand into 
Hainan in 2001 and from Myanmar into Zhejiang in 2002). 
Cross-breeding of such new introductions with the strain 
that had been cultured in China since its original intro¬ 
duction has resulted in improved growth rates and disease 
resistance in the offspring. Hybridisation of M. nipponense 
with other freshwater species of Macrobrachium (probably 
including M. hainanense) has been successful and selective 
breeding has been carried out over recent years to improve 
production-related traits. Multi-cropping production sys¬ 
tems and species rotation have been widely practised; this 
has significantly improved production and economic effi¬ 
ciency. 

Even though freshwater prawn farming has expanded so 
rapidly in China, its combined output (giant river and ori¬ 
ental river prawns) only represents a tiny fraction (1%) of 
total national farmed foodfish production. Per capita con¬ 
sumption of freshwater prawns is less than 0.26 kg/yr. With 
the rapidly increasing prosperity of the Chinese population, 
the domestic demand for ‘luxury’ food, including freshwa¬ 
ter prawns, is bound to increase. In addition, China has a 
high potential to enter the international market for aqua¬ 
culture products; if it does, Chinese freshwater prawns are 
likely to take a greater relative share than its finfish. 

17.1.2.2 Enhancement 

The giant river prawn (M. rosenhergii) is not native to 
China. There has been no enhancement activity for the 
oriental river prawn (M. nipponense)', farmed production 
of this species now exceeds that of M. rosenhergii (see sec¬ 


tion 17.1.2.1 and Chapter 21). Because M. nipponense is 
available in good quantities and propagates easily in all 
kinds of natural water bodies, there has apparently been no 
need for any fisheries enhancement activity until now. En¬ 
vironmental changes seem to have had little impact on the 
natural populations of this prawn so far. The only conser¬ 
vation measure taken has been to restore the aquatic weeds 
in natural water bodies, which serve for water quality im¬ 
provement, and also as refuges for the prawns. However, in 
view of the massive utilisation of wild-caught broodstock 
and seed for the high volume of farmed production, there 
is a need to observe trends in the natural stocks of M. nip¬ 
ponense and to take corrective actions, if needed (see also 
Chapter 21). 

17.1.3 India 
17.1.3.1 Farming 

Attempts at seed production of M. rosenhergii were con¬ 
ducted in West Bengal, Kerala and Andhra Pradesh (AP) 
from the early 1960s until the mid-1980s. The experiments 
conducted at the Fisheries College, Kochi since 1987 re¬ 
sulted in a cost-effective larval rearing technology. Sub¬ 
sequently, in 1990, the first commercial freshwater prawn 
hatchery, with a capacity of 30 million PL/yr was established 
by the Ananda Group in AP, and a 5 million PL/yr hatchery 
together with few backyard hatcheries in Kerala. Two more 
hatcheries were then established in Tamil Nadu. Increased 
attention on research in many national centres, training on 
seed production provided to farmers, officials and teachers, 
the production of extension literature, and the conduct of 
the first national symposium on the topic in Kochi in 1990, 
all contributed to rapid growth of the industry. However, 
Macrobrachium culture did not take off really well until the 
collapse of the marine shrimp industry in 1995; the latter 
failed to recover its prime position and freshwater prawn 
farming began to take off by 1999. 

Commercial production of farmed M. rosenhergii in 
India was first recorded by the FAO in 1989 (1501) and 
fluctuated considerably until 1996 but in 1998 production 
had leapt to 39001. From then until 2005, expansion was 
rapid and impressive, exceeding 16 0001 by 2000. Further 
expansion occurred and production of nearly 35 9001 was 
achieved in 2003, over 38 2001 in 2004 and over 42 8001 in 
2005. However, there was a substantial decrease in the area 
under prawn cultivation in 2006/07 and production fell 
to 30 1151 in 2006 and further to 27 2621 in 2007. There 
is currently (2007) no conclusive data on the number 
of freshwater prawn farms in India but a conservative 
estimate is that there are more than 3000 in AP alone. 

In addition to the very substantial production of 
M. rosenhergii in India, there is considerable farmed 
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production of the monsoon river prawn M. malcolmsonii 
(Chapter 23). Production of the latter species was first re¬ 
ported to the FAO in2003(227t). Expansion has been rapid, 
production reaching 39381 in 2005 and 41001 in 2007. 

Berried females of M. rosenbergii are mostly sourced from 
farmed ponds in AP, which is the main centre of freshwater 
prawn farming in India. Wild broodstock collected from 
rivers are available in Kerala, where berried females are 
seasonally available from the Vembanad Lake from July to 
January. Except for a few cases in AP, Indian hatcheries 
do not maintain separate broodstock ponds. In other loca¬ 
tions broodstock have to be collected from distant places 
and transported to the hatcheries. However, there is the 
potential for using broodstock from stocked reservoirs (see 
section 17.1.3.2). Farm-raised broodstock (40-50 g) in 2007 
were priced at Rs. 3000/100 (US$ 75/100); larger (>100g) 
berried females collected from the Vembanad Lake were 
more expensive (Rs. 12 500/100; US$ 313/100) and are as¬ 
sumed to be disease-free. No real breakthrough has yet 
occurred in selective breeding but a private hatchery in AP 
claims to have developed a better strain, which they named 
Maha 1, the PL from which were being sold at an enhanced 
price. 

In 2005/06 there were 71 recorded freshwater prawn 
hatcheries in India, located in AP (43), West Bengal, Tamil 
Nadu, Kerala, Maharashtra and Orissa; these had a total 
capacity of 1827 million PL/yr but the actual production 
would have been far less. Many hatcheries produce either 
tiger shrimp (Penaeus monodon) or freshwater prawns sea¬ 
sonally, according to demand. Most hatcheries are coastal, 
but some truck seawater or brine to inland locations and 
a few use synthetic brackishwater. All use a modified dear- 
water system, with stocking rates from 50-100/L and feed 
Artemia nauplii (in 2007, Artemia eggs cost US$ 56/kg in 
India) and hatchery-made egg custard containing shrimp 
or mussel. Research in India indicates that Artemia may 
be a possible vector for M. rosenbergii nodavirus (MrNV) 
and extra small virus (XSV) transmission to freshwater 
prawn larvae. Several commercial larval feeds (egg custard 
replacement diets) are also promoted at Rs. 1800-3000/kg 
(US$ 45-75/kg) but few hatcheries use them. White tail 
disease (WTD), mostly during the summer season, is the 
greatest threat to late stage larvae and PL in hatcheries. 
Bacterial infection and poor water quality may also cause 
problems in late stage larvae; PL may have appendage de¬ 
formities. In coastal hatcheries luminous bacteria also may 
pose a problem when their occurrence is severe. Forma¬ 
lin is commonly used to control epibionts but the use of 
oxytetracycline in hatcheries is declining because of in¬ 
creasing awareness of the dangers and the restrictions im¬ 
posed by countries importing aquaculture products. Sur¬ 
vival to PL averages 30%. The sale price of PL has varied 
widely according to competition, demand, the distance be¬ 


tween hatcheries and quality. In 2007, typical PL costs were 
Rs. 150-300/1000 (US$ 3.75-7.50/1000) but those reared 
from wild (as opposed to pond-sourced) broodstock in 
AP fetched Rs. 300-400/1000 (US$ 7.50-10.00/1000). Some 
farmers use PL20 to stock their grow-out ponds; others 
use 2 to 5 g nursery-reared juveniles (Rs. 800-1000/1000; 
US$ 20-25/1000); others, mainly in West Bengal but also 
rarely in Kerala, prefer to use wild-caught juveniles, whose 
size and cost can vary widely from 3 to 10 g and Rs. 1000 to 
5000/1000 (US$ 25-125/1000). Interestingly, wild-caught 
juveniles of another indigenous candidate species for farm¬ 
ing (M. malcolmsonii ; see Chapter 23) are available much 
more cheaply; for example; 1 to 2 inch juveniles are avail¬ 
able for Rs. 150-200/1000 (US$ 3.75-5.00/1000). However, 
a major problem with using wild-caught seed is that it may 
include many less commercially important Macrobrachium 
spp., contain animals of differing size and age groups, and 
impact on the freshwater prawn fishery; on the other hand, 
it provides employment. 

Freshwater prawn grow-out occurs in both freshwater 
and, in tidal areas and depending on the monsoon, brack¬ 
ishwater. Estimates are that 80% is produced in freshwa¬ 
ter. Pond preparation, whether for nursery or grow-out 
use, consists of drying, tilling, liming and manuring 
(1250 kg/ha cow dung or 500 kg/ha poultry manure or 
sometimes 125 kg/ha of groundnut oil cake). In 2007, 
cow dung cost Rs. 300/t (US$ 7.5/t), groundnut oil cake 
Rs. 18 000/t (US$450/t), poultry manure Rs. 300-800/t 
(US$ 7.5-20.0/t) and vermicompost Rs. 3000/t (US$ 75/t). 
Tea seed cake and mahua (Madhuca indica) are typically 
used for fish eradication where freshwater prawn farming 
is carried out in low-lying areas but this is not necessary 
in AP, where complete draining and drying of the elevated 
ponds is feasible. In extensive paddy fields, pond prepara¬ 
tion is carried out in the nursery phase, while the grow- 
out fields are stocked after flushing the area free of any 
chemical and pesticide residues two or three times after the 
paddy harvest. Here liming is a most important activity to 
overcome soil acidity, which can sometimes reach pH 4. 
The use of organic manure is higher in freshwater prawn 
than in marine shrimp farming. Inorganic fertilisers such 
as urea, superphosphate or diammonium phosphate, and 
several commercial products are being used to create an 
initial pond bloom. Currently (2007), vermicompost (at 
625-1250 kg/ha) is also used for this purpose. In addition, 
many synthetic products, often imported, are used to de¬ 
velop or crash plankton blooms or to enhance dissolved 
oxygen content, stabilise pH, reduce ammonia level, etc. 

Where nurseries are used, they consist of 0.1 to 0.4 ha 
ponds or an area fenced off with plastic mesh within a 
grow-out pond. Stocking rates are 200 000 to 250 000/ha 
and commercial feeds are provided 2 to 4 times/day from 
bunds, boats or floats. The rearing period is 45 to 60 days to 
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achieve 2 to 5 g juveniles, which may be used for grow-out 
within the same farm or sold to others. 

Grow-out is normally in monoculture in AP, although 
a few surface-feeding Indian carp (Catla catla) are stocked 
for pond conditioning. In Kerala, polyculture in extensive 
paddy fields ( Kuttanad and Kole lands) is commonplace, 
with grass carp as the major species and silver, rohu (Labeo 
rohita) and catla as minor components. Paddy-prawn rota¬ 
tional farming is also used in India, mainly in West Bengal, 
Kerala and some parts of AP. In the latter State, the stock¬ 
ing of manually segregated all-male juveniles is practised in 
monoculture. Freshwater prawn farms range through small 
(<4ha and mostly <2 ha), and medium (4-8 ha) to large 
(>8ha). Earthen ponds in AP are normally 0.4 to 1.0 ha, 
while extensive paddy fields with rotational paddy-prawn 
farming in Kerala range from 40 to 400 ha. Grow-out ponds 
are stocked either with PL20 at 30 000 to 50 000/ha or 2.5 
to 5.0 g juveniles at 25 000 to 30 000/ha. In all-male culture, 
lower stocking densities are used (12 500-15 000/ha). Ex¬ 
tensive Kole lands are typically stocked at only 5000/ha. As 
mentioned earlier, a few catla (2-4 inch fingerlings) are also 
often stocked in ponds at 150/ha. 

Farmers rarely prepare feed on-farm now. Flowever, 
about 30% of the farmers in AP that follow semi-intensive 
culture develop their own feed formulations based on stan¬ 
dard analytical data and locally available ingredients and 
engage local feed plants (mostly modified poultry feed mills 
and a few specialised prawn/shrimp feed plants) which 
charge a production cost (Rs. 1500-2000/t) for manufac¬ 
turing the pelleted feeds. Commercial feeds (Rs. 29 000- 
35 000/t; US$ 725—875/t) are also used in some farms in 
AP. Locally made feeds are cheaper (Rs. 15 000-18 000/t). 
In paddy-prawn rotational farming, commercial feeds are 
given at rates suggested by the manufacturers during the 
nursery rearing stage. ‘Fresh feed’ (usually dried or freshly 
salted black clam ( Villorita cyprinoides) meat, freshly sliced 
tapioca, ground nut or coconut oil cake, etc.) is occasion¬ 
ally fed during grow-out. In many grow-out fields in Kole 
lands in Kerala, prawns are reared without any supplemen¬ 
tary feeds. In small semi-intensive prawn ponds, feed is 
broadcast around the periphery of the pond 1 to 2 m away 
from the embankment 2 to 4 times a day. In larger ponds, 
feeding by broadcasting is done by means of a small boat, 
or a simple Styrofoam float towed around ropes tied in 
a fixed trajectory of feeding areas in the pond. Feeding 
rates range from 5 to 1% BW/day in semi-intensive farms, 
with the biomass recalculated every month. FCR is 1.8 to 
2.0:1 in mixed culture and 1.2 to 1.5:1 in all-male culture. 
There is no standard for the mode, timing and the rates of 
feeding in extensive farming. Prawns can be reared all year 
round in AP but three months may be lost due to possible 
November flooding and low temperatures in December and 
January. 


Two major disease outbreaks that occurred in November 
2001 were WTD, mainly affecting PL and juveniles, and 
balloon disease (Branchiostegite Blister Disease, BBD) af¬ 
fecting juveniles and adults. Apart from these, conditions 
such as truncated antennae, necrotic appendages, etc., re¬ 
ferred to as Appendage Deformity Syndrome (ADS), were 
widely noticed in grow-out ponds, particularly during dry 
seasons when the water supply to the ponds was limited. 
The incidence of these diseases and large-scale destruction 
of crops led to the obvious abandonment of culture in many 
parts of AP. The fields reverted to their previous crops, such 
as sugarcane or paddy, but in some farms rotational paddy- 
prawn crops proved disease-free. ‘Crop holidays’ proved to 
be the only effective remedy. Predation does not appear to 
be a major problem in AP. However, in the extensive farms 
of Kuttanad , birds (mainly black cormorants) form a ma¬ 
jor threat though they predate more on fish in polyculture 
farms. Freshwater tortoises are additional predators in the 
extensive farms of Kerala. In semi-intensive prawn culture, 
cull harvesting of large prawns, BC males and berried fe¬ 
males by seine begins after 4 months of rearing stocked 
nursery reared juveniles and continues at intervals of at 
least two weeks; final drain harvesting is carried out after 5 
to 6 months. In all-male culture, culling begins 90 days after 
stocking and continues at 15 to 30 day intervals. In extensive 
prawn ponds and in paddy-prawn rotational farms, there 
is no culling. The entire stock is harvested at the end of 6 to 
8 months. The preferred size at harvest is at least 70 g. 

The output from Indian freshwater prawn farming is des¬ 
tined for both domestic and export markets. The domestic 
market is expanding. In 2005/06, exports constituted about 
31% of the total production. In 2006/07 a total of 61281 
was exported (~39% of total production), with a value of 
US$ 60.2 million. The major importing countries were the 
EU (specifically Belgium, the Netherlands, Germany and 
the UK and totalling 56%), the USA (22%), Canada (7%), 
the UAE (6%), Japan (3%) and Mauritius (2%). By far the 
largest amount was imported through Belgium (29%). 

Some farms sell prawns at the farm-gate. Larger farms 
sell their harvest to established processors who load the 
harvested prawns, either head-on or head-off after wash¬ 
ing, cleaning, grading and weighing at the farm site itself. 
In smaller farms in AP, the prawns are headed mostly by 
women farm labourers at the farm site, packed into plastic 
crates with crushed ice and transported to pre-processing 
centres where they are cleaned again, properly iced and 
transported to freezing plants. Small farms may sell their 
larger prawns to local agents/wholesalers, while the small 
prawns are sold to local restaurants. Farmers turn to lo¬ 
cal markets for retail and wholesale purposes when their 
yield is small and when the prices quoted by processors 
are low. The prices obtained for farmed prawns are highly 
variable but, for example, farm-gate prices for headless in 



Commercial Freshwater Prawn Farming and Enhancement around the World 


355 


Table 17.1 Value of farmed prawns (M. rosenbergii) in 
India (November 2007). 


Average size of 
original prawns (g) 

Average weight 
headless as sold 

Selling price 1 
(Rs/kg) a 

125 

50 

580 

85 

33.33 

480 

60 

25 

400 

48 

20 

340 

38-40 

16.7 

310 

<38 

12.5-14.3* 

100* 


* only sold in local markets 

a One US$ is equivalent to 40 Indian Rupees (2008). 


November 2007 (which were Rs. 70 to 80/kg (US$ 1.8- 
2.0/kg) lower than those prevailing earlier in 2007) are 
shown in Table 17.1. 

The recent (2007) decrease in national farmed fresh¬ 
water prawn production has been more due to reduced 
growth and survival rates in grow-out ponds than by dis¬ 
eases. Growth rates for seed reared from broodstock col¬ 
lected from farm ponds in AP are decreasing. Survival in 
nursery rearing is also falling. More important than vi¬ 
ral diseases, water quality problems are severe. Production 
from crops starts in mid-January (when the temperature 
becomes favourable), and, after a thorough flushing by the 
November floods, is usually better; however, problems arise 
in densely stocked ponds by May, when temperatures may 
become extreme. Ponds stocked in the hot season (May) 
experience more problems, including reduced survival, ap¬ 
pendage deformities and viral disease. There are also diffi¬ 
culties caused by poor-quality hatchery supplied seed. The 
stock improvement efforts that are currently (2008) under¬ 
way at institutional and farmer levels are expected to result 
in the availability of good quality seed. Sustainability issues 
are being addressed. For example, a multi-stakeholder con¬ 
sultation to develop Better Management Practices (BMPs) 
for freshwater prawn culture, covering legal compliance, 
land and water use, rearing, environmental management 
and social responsibility, was held in India in late 2007. 
Draft BMPs were being developed in 2008. 

Although prawn farming decreased by about 50% from 
the middle of 2006 to 2007 in AP, for the reasons given ear¬ 
lier in the section, freshwater prawn farming is expanding 
in other Indian atates (e.g. Maharashtra, Orissa and West 
Bengal). Government encouragement is strong and several 
research institutes under the Indian Council of Agricultural 
Research and within State Agricultural Universities are 
engaged in prawn research, with an emphasis on genetic 
studies aimed at a number of topics, including selective 
breeding, strain improvement, enhancing immunity to 
disease, and developing all male monosex stocks. Several 
private incentives have also been created, such as publicity 
accorded within the National Fish Farmers Day, medals 


and awards to freshwater prawn farmers and hatchery 
operators, a second international symposium on freshwater 
prawns in Kochi in 2003 and a keynote paper given at 
the India International Seafood Show in Kolkata in 2006. 
Many local NGOs are also active in promoting freshwater 
prawn farming. Although there may be many future peaks 
and troughs in area and production, it is anticipated that 
freshwater prawn farming in India will be a long-term 
and successful industry (see Plate 5, facing p. 254). For 
example, there is great scope for horizontal expansion, as 
many larger potential areas still remaining unexploited. 
The country has established the necessary infrastructure 
of global standards to handle prawn production for 
export. The strengthening Rupee against the US Dollar 
may sometimes affect prospects for exports, which may 
in response affect the output from large farms. However, 
domestic consumption has no limits to expansion. 

17.1.3.2 Enhancement 

Open-water stocking of both M. rosenbergii and M. mal- 
colmsonii has been in progress in India since the later 1990s. 
Stocking of M. rosenbergii has mainly been carried out in 
Kerala and of M. malcolmsonii in AP. The once abundant 
fishery of the giant river prawn in the Vembanad Lake in 
Kerala has dwindled. The main causes are fishing pressure, 
construction of a barrage, the obstruction of water flow 
from the estuarine portion of the lake into the Arabian Sea 
and environmental degradation. The Kerala Government 
has implemented a social fisheries programme (Table 17.2) 
that included the enhancement of giant river prawn 
fisheries in the Vembanad Lake and a few selected small 
reservoirs and rivers in the Kottayam and Alappuzha 
districts of the state. This stocking programme is believed 
to have contributed to some improvement in production. 
As a consequence of stocking the Murinjapuzha river 
(Kottayam District), fishing man-days/month increased 
from 18 to 20 days to 29 days; average catch per fisherman 
also increased from 2.9 to 3.5kg/day, as reported in 1999. 
No further follow-up information on these stocked prawns 
are available. However, in 2006/07, in a continuing stocking 
programme in Kerala rivers, the Department of Fisheries 
stocked a total of 516 200 PL in 6 districts (numbers 
stocked are given in brackets): Kasargod (108 300), 
Kannur (102 000), Kozhikode (25 000), Thrissur (73 900), 
Kottayam (115 000) and Kollam (92 000), in serial order 
from North to South Kerala. 

Information on stocking and harvests of M. rosenbergii 
during the period 1998 to 2008 in six minor reservoirs in 
Palakkad District in Kerala is summarised in Table 17.3. 
The programme is administered by the Kerala Department 
of Fisheries. M. rosenbergii is not endemic to the rivers 
(reservoirs) in Palakkad District but the species does occur 
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Table 17.2 Details of M. rosenbergii seed (PL 20) stocked in the rivers and small reservoirs of Kerala State (India) 
under social fisheries programme. 


Year of stocking 


District 

1992 

1997 

1998 

1999 

Place of stocking 

Palakkad 




400 000 

Small reservoirs 

Thrissur 




400 000 

Chalakkudi 

Ernakulam 

20 000 


100 000 

12 000 

Muvattupuzha 

Kottayam 


130 000 

270 000 

200 000 

Kumarakom (Vembanad Lake), Murinjapuzha, 
Thiruvananthapuram 

Alappuzha 




200 000 

Freshwater zone of Vembanad Lake (by March 1999, 
actual stocking had exceeded 2.4 million) 

Kasaragod 




400 000 

Chandragiri (by March 1999 actual stocking had 
reached 200 000) 


naturally in South Kerala, as indicated above for Vem- 
banad Lake. A total of 4.27 million PL were stocked in the 
Palakkad reservoirs from April 1998 to the end of 2007 (in 
the accounting year 2007/08) and a total harvest of 31.41 of 
prawns was achieved. Prawn stocking in the largest of these 
reservoirs (Malampuzha - 2313 ha) has proved to be highly 
successful and rewarding. The stocked prawns showed ex¬ 
ceptional growth; the largest prawn caught is reported 
to have weighed 682 g. The large size of prawns caught 
(Fig. 17.1) is indicative of congenial conditions for prawn 
growth in the reservoir; this was an introduction of M. 
rosenbergii into an environment where it was not endemic 
(and thus has become a culture-based fishery), not an en¬ 
hancement of an existing fishery. 

The prawn PL were usually stocked during September to 
January annually and harvesting used large meshed (12, 15 
and 20 cm) gill nets. The fishermen use an ingenious device, 
an inflated tyre tube which is used as a float to sit on and pay 
out the gill nets (Fig. 17.2); both prawn and fish (stocked as 
well as wild, mainly carps) are caught in the nets. The fishing 
continues in Malampuzha reservoir over the whole year but 
there is a lull in fishing during the peak southwest monsoon 
months (July-September). The daily prawn catch may be 
as low as 2 kg during the lean season; the maximum daily 



Fig. 17.1 The large size of prawns caught in Malam¬ 
puzha, India. (Reproduced with permission of Methil 
Narayanan Kutty.) 


prawn landing reached was 98 kg, when the reservoir level 
is low. The introduction of freshwater prawns has brought 
considerable socio-economic gains to the fishing commu¬ 
nity (now organised into self-help groups - SHG). The SHG 


Table 17.3 Details of stocking and harvest of M. rosenbergii in minor reservoirs in Palakkad District, Kerala, India 
during 1999-2008. 


Dam (water area) 

Years 3 of stocking 

No. of PL stocked 

Harvest (kg) 

Value b (Rupees) 

Malampuzha (2313 ha) 

2005/06-2007/08 

2 326 400 

17 708 

5 048 904 

Meenkara (259 ha) 

1998/99-2007/08 

1 029 500 

8469 

2 029 098 

Mangalam (393 ha) 

1998/99-2007/08 

589 800 

2021 

530 250 

Chuliar (159 ha) 

1998/99 only 

114 000 

2735 

556 000 

Pothundi (363 ha) 

1998/99 only 

100 130 

192 

16 355 

Kanjirapuzha (512 ha) 

1998/99 only 

113 000 

283 

24 830 


a Data shown according to accounting year, 1 April to 31 March. 
b One US$ is equivalent to 40 Indian Rupees (2008). 
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Fig. 17.2 Some fishermen in India use an ingenious de¬ 
vice, an inflated tyre tube to sit on and pay out the gill 
nets. (Reproduced with permission of Methil Narayanan 
Kutty.) 


members and the Government share the sale proceeds from 
the harvests at a 3:1 ratio. The high demand and price for the 
harvested prawns, which are mainly sold to middle-men for 
export, is the major incentive for the SHGs. Furthermore, 
the reorganisation of the former associations of fishermen 
into the current SHGs has generated better co-operation in 
participatory activities and has virtually stopped the once 
rampant poaching in the reservoir. This used to be a seri¬ 
ous management problem in Malampuzha but was solved 
when the poachers themselves were included in the SHGs. 
Subsequent to the formation of the SHGs, annual average 
fish production (including fish and prawns) has increased. 
The amount realised from prawn/fish catch for a single year 
(2005/06) in Malampuzha was Rs. 1 475 000 (US$ 366 250) 
which is only Rs. 500 000 below the overall production value 
of the previous 15 years; this indicates the value of this pro¬ 
gramme of prawn stocking and the improved participatory 
exploitation of the reservoir fisheries. 

During 2005 to 2008, the Department of Fisheries 
stocked a total of 2.33 million PL in Malampuzha and har¬ 
vested 17 708 kg of prawns (Table 17.3). The cost of prawn 
seed (Rs407/1000; US$ 10/1000) and management were 
borne by the Department of Fisheries. This enabled a total 
return of Rs. 5 048 904 (US$ 128 470). Seventy-five percent 
of the return was shared by the 110 members of 8 SHGs; 
SHG members are usually recruited from socially under¬ 
privileged communities (scheduled castes and tribes); in 
Malampuzha one group was exclusively formed by women. 
The average return of stocked prawns in the Malampuzha 
reservoir is estimated to have been 2%, which is close to 
that reported recently for the Pak Mun Dam in Thailand 
(see section 17.1.8.2), but the stocking density was much 
higher and the average size of captured prawns was much 


lower than in the Thai dam. In that dam, however, unlike 
Malampuzha, M. rosenbergii are endemic. It is possible that 
prawn production could be enhanced further by increased 
stocking in Malampuzha reservoir, subject to a continued 
study of ecosystem changes to assist in management and 
conservation. 

Production of prawns in the other reservoirs in Palakkad 
district (Table 17.3) has been on-going for longer (e.g. since 
1998/99 in Meenkara). Prawn yield per hectare in Chuliar 
(195 ha), the smallest reservoir in the group, was quite high 
for a single year (1998/99) of stocking but further prawn 
stocking has not been carried out due to some social con¬ 
flicts. However, the high prawn productivity in the small 
reservoir is not coincidental; it is possibly indicative of its 
rich waters. The highest yield of fish (365 kg/ha) among the 
Palakkad reservoirs was also recorded from Chuliar. 

The capture of large and healthy berried M. rosenbergii 
females in the Malampuzha reservoir has demonstrated the 
possibility of using them as broodstock for farming pur¬ 
poses. These prawns are now being sought for producing 
healthy seed because poor seed quality is seriously affect¬ 
ing freshwater prawn production in India and elsewhere, 
owing mainly to genetic degradation. Between 5 July and 
31 December 2007, about 230 berried females (weighing 
a total of 99 kg) were caught from Malampuzha and sold 
live at Rs. 1500/kg (US$ 37.50)/kg, for use as broodstock. 
Most (64 kg) sold were transported by road to a hatchery in 
Pondicherry (~300 km from Malampuzha) and the rest to 3 
hatcheries in Kerala. In view of the size and appeal for these 
large prawns, and the increasing need for healthy brood¬ 
stock and seed, it is likely that the demand for Malampuzha 
prawns as broodstock will increase. 

A programme organised by the Andhra Pradesh Depart¬ 
ment of Fisheries, that is stocking M. malcolmsonii juve¬ 
niles in the upper reaches of the Godavari river, has been 
on-going for some years. Details of the capture of juveniles 
from the Dowaleishwaram anicut on the Godavari river 
for the 5-year period commencing with 1994/95 are given 
in Table 17.4 (Fig. 17.3). A total of 18.6 million juveniles 
have been captured, of which 9.0 million have been used 
for fisheries enhancement. No information on the effect 
of this stocking programme is available, but this species 
continues to be a major fishery resource in the Godavari 
river. A combined monitoring of river stocking and capture 
fisheries production would be helpful, not only to examine 
the effect of the stocking programme but also to formu¬ 
late future fisheries enhancement activities. Unfortunately 
subsequent information on specific capture and stocking 
details of M. malcolmsonii at Dowaleishwaram is not avail¬ 
able. However, enhanced prawn fisheries activities are con¬ 
tinuing and juveniles are still being caught and stocked 
in rivers and other bodies in AP as well as in neighbour¬ 
ing states in India. A similar wild M. malcolmsonii juvenile 
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Table 17.4 Open water collection and stocking of M. malcolmsonii juveniles in Godavari river, Andhra Pradesh, 
India 3 . 


Year 

1994/95 

1995/96 

1996/97 

1997/98 

1998/99 b 

5-year total 

Total collected (million) 3 

Stocked in upper reaches (million) d 
Value (Rs.) e 

3.86 

1.79 

238 080 

4.12 

2.01 

240 000 

4.24 

2.12 

242 840 

4.33 

2.81 

173 320 

2.00 

0.3 

194 280 

18.55 

9.03 

1 088 520 


3 The juveniles were collected from Doweleishwaram anicut on Godavari River. Data obtained from the Department of Fisheries, 
Andhra Pradesh. 

b Based on collections made up to 9 December 1998. 

c All collections reported made by Department of Fisheries, Andhra Pradesh. 
d Stocked in the upper reaches of Godavari River. 

£ 1 US$ is equivalent to 40 Indian Rupees (2008). 


collection area is Jederpalayam on the Cauvery river in Tamil 
Nadu; however, here the juveniles caught from the river bed 
in large numbers are used mainly for stocking polyculture 
ponds (Chapter 23). 

17.1.4 Indonesia 
17.1.4.1 Farming 

Attempts to stimulate the development of commercial 
farming in Indonesia for one of its indigenous freshwater 
prawns (M. rosenbergii ) began in 1975, but have only begun 
to show significant results in the current decade. The FAO 
first recorded production (4001) in 2002 and, while output 
fell below that level in 2003 and 2004, it rose to almost 12001 
in 2006 but fell to 989 t by 2007. Indonesia obtains a very 
significant amount of freshwater prawns from its capture 
fisheries; in 2006 it reported a catch of over 11 5001 (74% 
M. rosenbergii). 

Broodstock are sourced from rivers and farm ponds and 
have been maintained extensively. Selective breeding and 
cross breeding has taken place. In 2007, berried females typ¬ 
ically cost US$ 1.67 each. There are 53 coastal and inland 
hatcheries with an annual production of 145 million/yr; 
this was lower than the demand in 2007. A clearwater 
flow-through/recirculation system is used and larvae are 
stocked at 80/L. Vibrio and WTD have been observed but 
are controlled by environmental manipulation (formalin 
and sodium hypochlorite); survival to PL is approximately 
30%. PL are sold at a very low price compared to many 
other countries (US$ 4.44/1000). 

PL are stocked at 50 to 100/m 2 into nursery ponds for 
2 months; this is now the normal practice in Indonesia. 
Nursery ponds have an area of 200 to 500 m 2 and are pre¬ 
pared by drying, liming (2 g/m 2 ) and fertilising (250 g/m 2 ) 
with chicken manure before filling and stocking. During 
this nursery rearing period, commercial feeds are given and 
5 g juveniles produced. Juveniles are reared by grow-out 
farms for their own use but are also produced for sale at 
US$ 16.7-27.8/1000. 


There are nearly 500 farms of 1 to 2 ha (2007) producing 
prawns in monoculture from ponds ranging from 0.03 to 
0.1 ha (average 0.06 ha). Ponds are prepared by drying for 
2 to 3 days, liming and fertilising (as for nursery ponds). 
They are typically stocked with large (5 g) juveniles at 10 to 
20/m 2 . All the juveniles stocked originate from hatchery- 
reared PL; no wild-caught juveniles are used. Commercial 
feeds (US$ 778/t in 2007) are applied 3 or 4 times per day 
at a total of 5 to 10% BW/day, achieving an FCR of 2.2 to 
3.0:1. Predation is not reported to be a problem. The pre¬ 
ferred harvest size is 33 to 40 g and, although large animals 
may be culled out, a total harvest is conducted at the end 
of the 4-month rearing period. Grow-out is normally pos¬ 
sible year-round but occasionally lack of water caused by a 
long dry season may curtail this. Farmed freshwater prawns 
are not currently (2007) exported; the market is entirely 
domestic, with prawns being sold at the farm-gate as well 
as to distributors, restaurants, hotels and in local markets. 
Typical prices in 2007 were US$ 4.44/kg for the 25 to 30 
count grade (33-40 g prawns) and US$ 3.89/kg for 30 to 45 
count grade (22-33 g prawns). 

The constraints to expanding the output of farmed fresh¬ 
water prawns in Indonesia are reported to be a short¬ 
age of suitable land, continuity of seed production and 
the total length of time from egg to marketable size (~8 
months). Problems of disease and genetic degradation are 
also recognised but prophylaxis and breeding programmes 
are in place to solve these problems. The industry is ex¬ 
pected to expand; indeed this sub-sector is a government 
priority. Reasonable market price and high demand create 
a favourable climate for domestic marketing but there is 
currently (2007) no plan to enter the export market for 
M. rosenbergii. 


17.1.4.2 Enhancement 

The government has stocked some reservoirs with freshwa¬ 
ter prawn seed at a stocking rate of 300/ha, but it is believed 
that the programme has not been very successful. 
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Fig. 17.3 The catch of juvenile M. malcolmsonii obtained at an anicut (irrigation dam) in Rajamundry, India. 
(Reproduced with permission of Methil Narayanan Kutty.) 
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17.1.5 Malaysia 
17.1.5.1 Farming 

Freshwater prawn farming has a special significance for 
Malaysia, where the pioneer studies of Shao-Wen Ling were 
conducted (Chapter 1). Interest was strong in the late 1970s 
and the 1980s, when developments included the establish¬ 
ment of 2 government hatcheries (1981) and a 40 ha farm 
in Selangor. However, the volume of production from com¬ 
mercial farming has been relatively modest and extremely 
variable. A decade ago, production was expected to in¬ 
crease (New 2000), judged by the increased demand for 
PL and juveniles and the number of new and expanded 
farms (e.g. 20 ha in Selangor and 60 ha in Negri Sembi- 
lan). The high prices achieved for prawns were reported 
to be turning the attention of farmers away from finfish. 
In 1999, a large (1200 ha) eel farm in Pahang that had 
been facing difficulties in obtaining sufficient elvers was re¬ 
ported to have made a decision to convert some of its ponds 
to freshwater prawn culture. Other favourable factors in¬ 
cluded the more ready availability of commercial aquafeeds 
in Malaysia, together with increasing support from gov¬ 
ernment, university and private sectors (national farmers 
associations). 

In fact, national production did markedly increase, more 
than doubling from 2811 in 1998 to 6531 in 1999 and dou¬ 
bling again to 13381 in 2000. However, between 2001 and 
2005, average output was less than half the peak level and 
very variable (average 549 t/yr; range 317 to 752 t/yr). FAO 
data show that production fell markedly to only 1941 in 
2006 but had recovered to 2461 by 2007. The limiting fac¬ 
tor is said to be the supply of quality juveniles. Further 
comments on the future of freshwater prawn farming in 
Malaysia are provided at the end of this section. In 2007 
there were 233 grow-out farms stocking M. rosenbergii, with 
a total area of 508 ha. 

Eighty per cent of the broodstock used by Malaysian 
hatcheries were reported to come from rivers in 1999, while 
the rest were the largest healthiest berried females selected 
from grow-out ponds. In 2007, however, it was reported that 
although broodstock from rivers are still preferred and the 
majority still come from that source, the supply is limited so 
they are also increasingly obtained from grow-out ponds. 
There has also been some import of broodstock from Thai¬ 
land to enhance reproductive performance, together with 
some genetic selection. There have also been some trials to 
produce all-male prawns for grow-out. 

Unlike the practice in most producing countries, many 
Malaysian freshwater prawn hatcheries operate a greenwa- 
ter system with minimal water exchange; only a few operate 
a clearwater system. Most hatcheries are located coastally 
but some truck seawater 100 km to inland sites. Larvae 
are stocked at 20 to 60/L and probiotics are sometimes 


used in the hatcheries, which typically achieve 50% sur¬ 
vival. Larvae are fed Artemia nauplii, Artemia flakes, egg 
custards and commercial feeds. Chlorine and formalin are 
utilised in hatcheries, but no antibiotics. According to one 
correspondent (in 2007), the use of the static greenwater 
technique has resulted in low and erratic PL production. 
Another correspondent reported that problems have been 
experienced with the survival of PL, shortly after meta¬ 
morphosis, from both greenwater and clearwater systems, 
but the cause has not yet been identified. In 2006, official 
statistics indicated that there were 3 government and 18 
private hatcheries offering freshwater prawn PL. In 2007 
a correspondent reported that there were more than 30 
mostly small Malaysian freshwater prawn hatcheries, with 
a typical capacity of 200 000 PL/cycle, but they are still not 
able to satisfy demand. 

There are no specialist nurseries. Some farmers use tanks 
and others use nursery ponds of 0.08 to 0.1 ha for stocking 
PL8-12 at 120 to 150/m 2 (sometimes as high as 600/m 2 ) 
for a period of 2 to 6 weeks. Sometimes hapas (net cages), 
stocked at 450 to 1000 PL/m 2 and situated within grow-out 
ponds, are used instead of dedicated nursery ponds. 

Grow-out farms are mostly small (ranging from 0.1- 
10 ha but ~75% <2 ha) and obtain all their stock from 
hatcheries. About 50% of the hatcheries were owned by 
grow-out farmers in 1999 and sold 20% of their juveniles to 
others. Some 70 to 80% of the PL stocked by farmers came 
from local hatcheries and 5 to 20% from hatcheries located 
in other parts of Malaysia. Currently (2008) farmers prefer 
the better quality PL available from government hatcheries 
but there is a shortage so they source them where they can 
find them available, at a cost of US$ 13-19/1000. This makes 
exports of PL very attractive for Thai hatcheries, which can 
produce them much more cheaply (see section 17.1.8). A 
considerable quantity of PL are imported from Thailand 
(estimates vary from 5-30% of the total Malaysian demand) 
but some farmers report that the survival and growth rate 
of those imported is poor (but this may relate to inadequate 
transport and stocking procedures). 

A major technical problem is seasonal water shortages in 
some areas. Between cycles, grow-out ponds are scraped, 
limed, fertilised, and teaseed cake is applied. Ponds are typ¬ 
ically stocked with PL at 10 to 15/m 2 . When juveniles are 
used they are graded and stocked into grow-out ponds at 
10 to 18/m 2 . All current production occurs in ponds, al¬ 
though there has been some experimental culture in canals 
in the past. Ponds are typically less than 0.2 ha; their shape 
is mainly rectangular (98%), while the rest are irregu¬ 
lar in shape. Urea (90-120 kg/ha), TSP (10-40 kg/ha) and 
processed chicken manure (100-200 kg/ha) are commonly 
used as fertilisers. Grow-out diseases are not reported to be a 
significant problem but predation, sometimes by humans, 
is. Some farms use simple semi-moist farm-made feeds 
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incorporating tapioca, copra, chicken viscera, soy sauce by¬ 
product, rice bran, broken rice and other ingredients, while 
most use commercial freshwater prawn feeds that are avail¬ 
able at US$ 770/t (2008) and achieve an FCRof 1.8 to 3.0:1. 
However, some farmers pay nearly US$ 1100-1400/t for 
marine shrimp feeds, believing that they get better grow- 
out production. Inadequate supply of juveniles and the en¬ 
croachment of other developments that affect water quality 
are reported to have been problems. Some developmental 
work to encourage the integration of prawn culture with 
rice production was reported to be on-going in 1999. 

Production rates of 0.90 to 3.15 t/ha/crop in Malaysia 
were reported by New (2000). By 2007 the productiv¬ 
ity of some grow-out ponds was reported to range from 
3.0t/ha to as high as 6.5t/ha per cycle. However, such 
high levels are only attainable for four or five consecu¬ 
tive cycles, after which growth rates are lower and produc¬ 
tion much less. After that stage, some farmers introduce 
one cycle of red tilapia rearing as a rotational crop. More 
typically, most farms produce between 3 and 4 t/ha/cycle, 
with prawns being harvested at an average of 30 g after 
4 months. 

Most farms manage their harvesting by selective culling 
(marketable size is >25 g) every 3 to 4 weeks, commencing 
3.5 months after stocking, followed by draining after 5 to 6 
months. During the partial harvests, blue-claw males and 
berried females are selected and transported live in aerated 
tanks to restaurants and fishing pond operators in the cities. 
The ex-farm price for live prawns in late 2007 ranged from 
US$ 12 to 19/kg for 65 to 70 g prawns. In 1999 it was esti¬ 
mated that most farms (70%) sold their production at the 
farm-gate or to hotels and restaurants. While small quanti¬ 
ties were sold directly to retail markets in the locality and in 
other parts of the country, about 30% went to wholesalers. 
Most prawns were consumed domestically, but 10 to 15% 
were exported. Live prawns went to Singapore, while pro¬ 
cessed prawns were being exported to Japan by the eel farm 
mentioned above. However, this farm has not produced 
freshwater prawns since 2003, when it changed completely 
to the farming of marine shrimp (Penaeus mono don). 

While prawns traditionally ended up in seafood restau¬ 
rants in the past, an increasing demand for live Macro- 
brachium is spurred by operators of recreational fishing 
ponds who stock the prawns for customers to fish out with 
hook and line. The demand from these outlets has increased 
in recent years and has resulted in prices of US$ 12 to 14/kg 
for 30 g prawns. Large prawns (65-70 g) were fetching as 
much as US$ 19/kg in 2007. Few prawns are exported today 
(2008). Due to the shortage of live adult prawns for fishing 
pond operators and city restaurants, some live prawns are 
imported by traders from southern Thailand to meet the 
increasing demand. Large frozen prawns are also imported 
from Indonesia and Myanmar for the restaurant trade. 


Freshwater prawn farming investment has occurred prin¬ 
cipally in Peninsular Malaysia. No farming activities have 
been reported in Sabah, where wild catches are enough 
to supply local needs and their market value is less than in 
other states (US$ 5-7/kg). As the cost of production is about 
US$ 4.50 to 5.00/kg, farming is not attractive for investors 
in Sabah. Some wild-caught prawns from Sabah (~100g) 
are sold in frozen form to Peninsular Malaysia. In Sarawak, 
the price is higher (US$ 6-8/kg) per kg. There is one large 
freshwater prawn farm there (> 10 ha). In this state, prawns 
are also caught from the wild for the local market and, as in 
Sabah, very large prawns (> 100 g) are sold frozen to Penin¬ 
sular Malaysia. There are two freshwater prawn hatcheries 
in Sarawak, one private and one government. 

Several reasons have been given for the inconsistent out¬ 
put of Malaysian freshwater prawn production. Most of 
the farms are family owned. During the first few cycles, 
production was good but slow growth and low produc¬ 
tion was encountered after the ponds had been stocked for 
more than five cycles. The operators then ceased opera¬ 
tion because of low profitability. These poor results affected 
the yearly production figures. Those that had knowledge 
about the value of crop rotation then started to rear fish 
instead for one or two cycles, after which prawn produc¬ 
tivity was found to improve again. The continued shortage 
of PL and their intermittent supply caused some farms to 
stock several species of available freshwater fish fry instead 
of prawns. About 80% of the live adult prawns produced by 
these farms is sold to city leisure fishing pond operators and 
to restaurants. However, once prawn PL supply faltered the 
supply of adults was affected and the fishing pond operators 
were forced to stock fish instead and the restaurants owners 
were forced to delete freshwater prawns from their menus. 
When farms had prawns available their supply to fishing 
operators and restaurants started again. Thus, the level of 
national farmed production has been inconsistent. How¬ 
ever, with the high prices achievable for farmed prawns 
and with local product demand high and export poten¬ 
tial existent, it still remains rather puzzling why, unlike its 
neighbour Thailand, the industry has failed to take off. Per¬ 
haps it is because Malaysia has a relatively small and more 
prosperous population than Thailand; that aquaculture is 
a ‘last choice’ career for most Malaysians and foreign farm 
workers have to be employed. Under these conditions, exist¬ 
ing farmers quickly become discouraged if production does 
not remain high; new investors cease operations once they 
encounter problems. The shortage of quality PL, together 
with the unavailability of many suitable ponds, continues 
to hinder expansion, despite government encouragement 
for the sub-sector. 

In an effort to stimulate the expansion of freshwa¬ 
ter prawn farming in Malaysia, a seminar entitled ‘Giant 
Malaysia Prawn 2008’ was organised by the Malaysian 
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Fisheries Society and other organisations, bringing experts 
from around the world to share their experiences. During 
this meeting, genetic improvement programmes in China, 
India, Malaysia and the Philippines were described and 
a panel agreed that the way forward for the industry in 
Malaysia was through resolving the shortage of quality PL 
and genetic selection for disease resistance and improve¬ 
ments in growth rate and sex ratio. 

17.1.5.2 Enhancement 

As indicated by New (2000), 11.7 million PL of M. rosen- 
bergii were stocked in selected river systems from 1988 to 
June 1990 (4.1 million in 1988, 5.8 million in 1989 and 
1.8 million up to June 1990) to rehabilitate depleted nat¬ 
ural fisheries, help inland and inshore fishermen increase 
their income and provide additional protein in the diet 
of Malaysians. Prawn releases into natural waters, mainly 
rivers, have been continued. Seeds were obtained from gov¬ 
ernment hatcheries and 100 000 to 500 000 PL were stocked 
in selected rivers. Monitoring of water quality and recapture 
has been carried out by fisheries research centres. There are 
reports of increases in the landings of freshwater prawns 
by inland fishermen. These schemes, begun 25 years ago, 
are considered successful and as reported (in 2008) will be 
continued. 

17.1.6 Myanmar 
17.1.6.1 Farming 

Myanmar initiated work on the culture of M. rosenbergii in 
the 1970s and interest in this species was encouraged by in¬ 
formation gathered at a milestone conference (Giant Prawn 
1980) held in Bangkok, Thailand. Further assistance was 
provided by a number of authorities and countries, includ¬ 
ing the Asian Development Bank, FAO, Indonesia, Japan 
(JICA) and Thailand. Farming, either in monoculture or 
in polyculture with carps, has been practised since 1977. 
However, national farmed production reported to FAO re¬ 
mained low until 1991, ranging from 1 to lOt/yr and then 
ceased between 1992 and 2001. More recently there has been 
a resurgence in freshwater prawn farming. A 201 produc¬ 
tion was recorded by FAO in 2002, doubling to estimates 
of 401 in 2003 and increased estimates of 50-60 t/yr be¬ 
tween 2005 and 2007. However, it seems that these figures 
may have been considerable under-estimates. Local corre¬ 
spondents state that production leapt from 1001 in 2001 to 
9351 in 2003 and continued to expand to 29171 in 2006. 
By 2006 there were 2967 ha under freshwater prawn culti¬ 
vation. Estimated production for 2007 was 30001. In 2008 
the Myanmar Shrimp Association reported that freshwater 
prawn farming remained profitable, even though produc¬ 


tion costs had increased, because farmers were able to sell 
whatever they produced in the domestic market. Formerly, 
most had been exported to Canada and Australia but stricter 
Australian import restrictions were said to be inhibitory. In 
the previous fiscal year (2007), Myanmar exported 18001 of 
freshwater prawns, earning about US$ 15 million; the pro¬ 
portion of these exports that originated from fisheries and 
farming is unreported. 

M. rosenbergii is indigenous to Myanmar and the 
source of broodstock is rivers; 50 g brooder females were 
costing US$2.31 each in 2007. At that time there were 18 
hatcheries, all somewhat inland in coastal estuarine (delta) 
areas. Seventeen of them were in operation, producing 
80 to 225 million PL/yr. Despite this, a national deficit of 
500 million PL/yr was reported; wild-caught juveniles are 
also used for stocking grow-out ponds (see below). Clear¬ 
water flow-through systems were being used, and Artemia 
nauplii and formulated feed used. Tail muscle necrosis and 
mid-cycle diseases was noted and chlorine, formalin and 
tetracycline are in hatchery use. Survival rates to PL range 
from 35 to 55%. PL are sold at US$ 9.23/1000. 

Small (0.40 ha) ponds are used as nurseries, stocked at 
60 to 70 PL/m 2 and fed a locally manufactured feed during 
a period of 30 to 65 days during which the juveniles reach 
2 to 5 g. Juveniles are normally produced for use within the 
same farm but, if sold, fetch US$ 31 to 46/1000. 

Grow-out has typically been monoculture but polycul¬ 
ture with Indian carps is becoming popular. Integration 
with rice farming has been encouraged but is not yet 
widespread. There are about 500 commercial and family- 
owned freshwater prawn farms in Myanmar, with a wide 
range of farm size (2-100 ha; average 20 ha). Similarly, the 
size of ponds varies widely from 1 to 20 ha (average 2 ha). 
Ponds are prepared by basic freshwater pond techniques - 
sun drying, liming, fertilisation and predator control. Ponds 
are stocked at 5 to 6 PL/m 2 or 3.5 to 4 juveniles/m 2 . When 
prawns are polycultured, the prawn stocking rate is reduced 
to 2 to 3 juveniles/m 2 , plus 4000 to 6000 Indian carps/ha. 
Besides hatchery-reared juveniles, wild-caught 5 to 7 g juve¬ 
niles (US$ 58-77/1000), obtained from delta estuary traps 
are also used for stocking ponds. Similar fertilisation is used 
as is traditional in carp culture; the cost is very low. In grow- 
out, farm-made and commercial feeds (US$ 385/t) are used, 
depending on availability. These are broadcast, 3 times/day, 
using small boats for the larger ponds at a total rate of 2 to 
5%/day BW. An FCR of 1.2:1 was claimed. Black gill dis¬ 
ease has been observed but water exchange ameliorates this. 
The rearing period is seasonal (March-November) owing 
to PL availability (see later), not temperature and takes 8 to 
10 months including the nursery phase. 

Partial (cull) harvesting starts after 5 to 6 months of 
rearing and is then conducted monthly until the end of 
the rearing cycle. Grading occurs during harvesting. The 
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preferred harvest size is 50 to 80 g. Farmed freshwater 
prawns reared in Myanmar are destined for both domes¬ 
tic and export markets. At present, about 70% is exported, 
mainly to Thailand, Australia, Malaysia and Canada and 
the export market is expanding. Normally the prawns for 
domestic consumption are not sold at the farm-gate but 
are sometimes sold direct, alive, to restaurants. Others go 
to restaurants and hotels through distributors or after pro¬ 
cessing. Some of the product is taken to local markets. 
Currently (2007), live prawns command US$ 15.38/kg for 
40 to 60 g prawns; iced prawns fetch US$ 6.15/kg for 20 to 
40 g prawns and US$ 7.31/kg for 40 to 80 g prawns. 

The major constraint is the hatchery-reared PL supply; 
since hatcheries are somewhat inland in estuarine areas, the 
availability of sufficiently brackishwater is seasonal. Dur¬ 
ing the monsoon, seawater has to be brought to these sites, 
which causes PL production costs to become too high. Some 
freshwater prawn hatcheries in Myanmar were destroyed in 
the May 2008 cyclone. There are also infrastructure prob¬ 
lems - difficulties in transport from hatcheries to grow-out 
farms, access to markets, etc. Disease problems are not a 
major threat. The freshwater prawn sector of aquaculture 
is now receiving priority treatment by the Department of 
Fisheries as there is considerable potential for expansion, 
especially as an export commodity. Many carp farmers, us¬ 
ing similar technology as was established for carp culture 
decades ago, are moving into polyculture with prawns. The 
rearing of M. rosenbergii in Myanmar has become very pop¬ 
ular as it generates more income that freshwater fish culture. 

17.1.6.2 Enhancement 

The Department of Fisheries has been stocking prawns to 
enhance fisheries in reservoirs and also in leasable fishery 
waters in the Ayerawaddy delta. The stocking rate was about 
9000 PL/ha, but there is no information on the total stocked 
or any subsequent evaluation. However, the programme is 
considered to be successful and is on-going. 

17.1.7 Taiwan 
17.1.7.1 Farming 

Taiwan has a long history of commercial freshwater prawn 
culture. Juveniles of the species were introduced from Thai¬ 
land in 1970 through the help of the pioneer of fresh¬ 
water prawn farming, Shao-Wen Ling (Chapter 1). In 
1979, the Tungkang Marine Laboratory started to distribute 
free hatchery-reared juveniles to several interested farmers. 
Soon afterwards, commercial production gained momen¬ 
tum and the industry grew steadily and became more popu¬ 
lar after the mid-1980s. Commercial production is regarded 
as having commenced in 1982, when an output of 9141 was 


reported to FAO. This expanded to nearly 44001 in 1988. 
By 1989 the total culture area was around 3500 ha. The 
major area where freshwater prawns are cultured is in the 
northern part of Pingtung county (SW Taiwan). National 
production showed rapid expansion after 1988, reaching 
a peak of nearly 16 2001 in 1991. The incentive to oper¬ 
ate this form of aquaculture was high, partly because of a 
concurrent huge decline in the farmed production of ma¬ 
rine shrimp, due to disease and water quality problems. 
However, the production of M. rosenbergii also declined, 
falling by more than 50% in 1992 compared to 1991, mainly 
because of disease problems. Production fell further to a low 
of just under 55001 in 1993 and remained depressed during 
the rest of the 1990s. Since then, according to FAO statistics, 
national production recovered somewhat; annual produc¬ 
tion between 2003 and 2005 exceeded lOOOOt. In 2006 it 
was just under 99001, still only 61% of the peak output of 
1991. By 2007 it had fallen to 83161, from an estimated total 
rearing area of 1990 ha. Despite current production being 
much lower than its apex, Taiwan remains one of the top 
six freshwater prawn producers globally, the others being 
China, Bangladesh, Thailand, Vietnam, and India. Local ex¬ 
perts believe that Taiwanese production may decline again, 
for several reasons. The marketable size in Taiwan is 30 g, 
defined by the feasible length of the growing season; this 
is not regarded as suitable for export, where competition 
from farmed marine shrimp is relevant. Production costs 
are high, there being severe competition for land and water 
resources. Freshwater prawns have a good domestic mar¬ 
ket but only live prawns are acceptable for restaurants and 
fee fishing centres. In addition, while yeast infections ( De- 
baryomyces hansenii and Metschnikowia bicuspidata) have 
previously been experienced in the winter during periods of 
low temperature, bacterial infections ( Lactococcus garvieae) 
are also being observed in the summer now. Difficulties in 
importing freshwater prawns from mainland China cur¬ 
rently ensure the survival of this type of aquaculture in 
Taiwan. Freshwater prawn farming is not expected to ex¬ 
pand further in Taiwan. 

Most farmers purchase PL or juveniles from the 60 to 75 
hatcheries currently supplying M. rosenbergii (2008), which 
have an average capacity of 6 million PL/yr. Total national 
PL production was estimated at 420 to 500 million PL/yr in 
2008. Some hatcheries are inland, while others have been 
converted from marine shrimp production in coastal ar¬ 
eas. Competition is intense: coastal hatcheries have lower 
production costs but inland hatcheries have the advantage 
of being closer to their market. As in Thailand, some of 
the hatcheries produce both marine shrimp and freshwater 
prawn PL sequentially, according to market demand. Fresh¬ 
water prawn PL production tends to be seasonal (March- 
April and September-November) and it is difficult for 
hatcheries to survive unless they can produce other species 
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as well. Recently (1999), many hatcheries have closed, due 
to low survival rates and high production costs. Broodstock 
come mainly from grow-out farms but some are imported. 
Some traditional selective breeding is practised. Brood- 
stock cost US$ 15/kg for males, US$ 12/kg for females and 
US$ 16/kg for berried females. 

A flow-through clearwater rearing system is favoured by 
most hatchery operators, stocked at 80 to 100/L and fed 
Artemia nauplii and egg custard, but some use greenwa- 
ter. The only chemicals used are formalin and iodine but 
problems with Vorticella, Epistylis, Lactococcus garvieae and 
Acineta occur. Survival to metamorphosis ranges from 20 
to 50%. 

Prices for PL in 2008 ranged widely (US$ 3 to 15/1000); 
in 1999 PL prices ranged from US$ 1.90 to 6.30/1000 and 
10 years previously, they were US$ 12.50 to 25/1000. The 
general trend is, therefore, for PL to become cheaper for 
grow-out farmers. Locally produced PL are used by grow- 
out farmers but many are also imported from Thailand 
(e.g. 800 million in 1998) because Thai PL have a reputation 
for better disease resistance and faster growth rate during 
grow-out (this contrasts with the perception in Malaysia; see 
section 17.1.5) and there is a higher demand than Taiwanese 
hatcheries can supply. Many farmers have their own nursery 
concrete tank(s), stocked at 100 000 to 500 000/m 3 and fed 
an artificial compound diet. Prawns are grown to 2.0 to 
2.5 cm in 40 to 45 days and are mostly sold at US$ 25 to 
32/1000 to other farmers without nursery facilities. Some 
nursery tanks are used for over-wintering juveniles to a 
much larger size (~3 g). 

Prawns are reared through grow-out in monoculture; 
polyculture is rare and there is no cage culture, all-male cul¬ 
ture or integration with crop production. Almost all prawns 
are reared in freshwater but some are grown in saline water 
(~5 p.p.t.). Typically, farms are moderately sized (between 
1.0 and 5.0 ha in northern Taiwan and 1.0 and 2.0 ha in 
the south) and family operated. Rearing ponds are typi¬ 
cally 0.3 to 0.5 ha; they are usually rectangular in shape and 
prepared by tilling, the application of lime on their banks 
and the provision of nets above the bottoms of those that 
are very muddy. Ponds are not normally fertilised. Most 
feeds are commercially produced (there are >20 brands), 
cost US$ 1138 to 230/t, achieve an apparent FCR of 2.0 to 
2.5, and are distributed around the pond edge twice per 
day in the winter and thrice in summer (March-October). 
Losses through the diseases mentioned earlier can reduce 
grow-out survival to less than 40% but can be ameliorated 
by lower water temperatures and the use of immunoen- 
hancers. The grow-out ponds are harvested by continuous 
culling, normally at 2-weekly intervals in summer and 1.0 
to 1.5 monthly intervals in autumn, but primarily according 
to market demand. The normal size of harvested animals is 
from 30 g (females) to 35 to 40 g (males). 


Most of the output from Taiwanese freshwater prawn 
farms is sold live to wholesalers, with some going to restau¬ 
rants. Almost none is taken to markets for direct sale. M. 
rosenbergii is mainly consumed locally, as a result of recre¬ 
ational fishing activities from ponds. This very popular ac¬ 
tivity sustains the high price obtained for freshwater prawns 
(which sometimes exceeds that for marine shrimp) in Tai¬ 
wan. In 2007/08, 30 g females were fetching US$ 7.70 to 
12.30/kg and 35 to 40 g males were being sold for 15.4 to 
16.9/kg. The value of this product is therefore particularly 
dependent on the general status of the national economy. 
This business is depressed in winter due to the poor ap¬ 
petite of prawns at lower water temperatures. There is no 
export of freshwater prawns from Taiwan. High production 
costs (particularly due to the cost of Artemia and the labour 
involved in grading and intermittent harvesting), foreign 
competition in PL supplies, poor survival and growth rates 
during the grow-out period (partly said to be caused by 
inbreeding and more evident when locally produced PL are 
used), and the overuse of underground water, all contribute 
to the forecast that prawn farming in Taiwan may sta¬ 
bilise at its current level of about 10 000 t/yr. However, any 
change in the ability to import live prawns from mainland 
China would have a profound impact upon the market. 

17.1.7.2 Enhancement 

Since M. rosenbergii is not indigenous, there have been no 
enhancement activities in Taiwan. 

17.1.8 Thailand 
17.1.8.1 Farming 

The farming of freshwater prawns in Thailand began a little 
earlier (in the mid-1970s) than in Taiwan but production 
was small until the co-operative efforts of the Thai Depart¬ 
ment of Fisheries and the FAO in 1979 to 1981 stimulated 
expansion, both in this country and, by diffusion and the 
provision of expertise, in many others. Production, less 
than 0.51 in 1975, expanded to an estimated 11531 in 1983 
and 31021 in 1984; by 1987 it had leapt to over 11 8001. 
According to FAO, production was quite variable from 
then until 1997 (6503-10 9121). In 1998, production fell 
to 47641 but increased to 84941 in 1999 and 99171 in 
2000. Following the turn of the millennium, freshwater 
prawn farming in Thailand assumed a new lease of life, 
expanding rapidly to a peak of nearly 32 6001 in 2004 but 
falling back to 28 7401 in 2005 and 25 3531 in 2006; by 
2007 it had recovered to 27 6501. Thailand is currently 
the third largest producer of farmed M. rosenbergii, after 
China and India. However, its capture fisheries production 
of giant river prawns is far less than it used to be. From 
the 1950s to the mid-1980s, Thailand was catching 
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several thousand tons each year but the 2006 catch was 
only 6901. 

The volatility of annual production in Thailand in the 
1990s was not due to the technical problems experienced 
in Taiwan but to marketing, economic and other factors, 
including the enormous expansion of marine shrimp farm¬ 
ing in Thailand, the rearing of marine shrimp (Litopenaeus 
vannamei and Penaeus monodon) on inland sites, and the 
effect of significant disease problems on the returns from 
marine shrimp culture. One of the features of both freshwa¬ 
ter aquaculture farms and hatcheries in Thailand has always 
been the ability to react rapidly to changing demand. Thus, 
hatcheries are not confined to a single species but produce 
the one in current demand, be it marine shrimp, sea bass 
or freshwater prawns. Demand for freshwater prawn PL de¬ 
pends largely on the market for rice and freshwater finfish, 
and grow-out farmers are similarly flexible enough to adjust 
to the prevailing market for each commodity. Predictions 
about the future vary. On the one hand, new ponds are 
unlikely to be dug because land is expensive. On the other 
hand, freshwater prawn production is expected to increase 
because of two factors. The first is that local demand for this 
traditionally popular food item is rising, following recovery 
from the economic crisis of the mid-1990s. Secondly, the 
farming of marine shrimp, on inland sites (where fresh¬ 
water prawn farming was once practised), which had been 
expanding rapidly, has been banned for environmental rea¬ 
sons. Thirdly, there is currently (2008) a government effort 
to encourage the export of farmed M. rosenbergii. The ef¬ 
fect of these three factors is expected to be that farmers will 
revert to Macrobrachium culture in many existing finfish 
and inland marine shrimp ponds. Most of the grow-out 
occurs in the central floodplain area of Thailand (notably 
Nakhorn Pathom, Supanburi and Ratchaburi provinces); 
consequently, it all takes place in totally freshwater. Most 
farms are quite small (95% were <2 ha in 1999 and very 
few were > 5 ha). During a survey in 2005 it was found that 
nearly two-thirds of the prawn farmers interviewed had 
previously been involved in rice farming or the rearing of 
Penaeus monodon. 

Many of the commercial hatcheries (perhaps 50%) were 
integrated with grow-out farms on inland sites in 1999. 
Another 40% of the PL supply came from other hatcheries 
local to the primary grow-out area (and therefore also in¬ 
land), while less than 10% came from coastal sites, mainly 
in the brackishwater areas of Chacheongsao province, ad¬ 
jacent to the fisheries station principally responsible for the 
birth of commercial prawn farming in Thailand. Now that 
there are plenty of commercial hatcheries (286 in 2007), the 
government hatcheries that stimulated the development 
of farming are devoted to supplying the demand for re¬ 
stocking programmes (see section 17.1.8.2). The expansion 
of freshwater prawn farming has been characterised by the 


development of ‘backyard’ hatcheries. Many hatcheries are 
multi-species, as discussed above. Total national production 
of PL in 2007 was estimated to be 2 to 5 billion/yr; some of 
this production is exported (see sections 17.1.2, 17.1.4 and 
17.1.5). This level of reported production is similar to that 
produced by the freshwater prawn hatcheries of China (see 
section 17.1.2), which may imply that the scale of fisheries 
enhancement activities may be significant and/or that the 
export of PL may be substantial. 

Hatchery broodstock are obtained from grow-out ponds. 
The hatcheries operate clearwater systems, stocking at be¬ 
tween 30 and 150/L. Some use daily water exchange but 
many variations on the standard technology exist to re¬ 
duce the cost of transporting brine to inland hatcheries. 
These include using freshwater (instead of brackishwater) 
for replacement (resulting in a gradual decline in rearing 
salinity); some hatcheries use biofilters to conserve water 
use. Some PL have been reared in net cages in earthen 
ponds instead of hatcheries (Chapter 5). In 1999, PL were 
being sold at US$ 1.38/1000, a price which had remained 
steady for 10 years and which was substantially lower than 
in most, if not all, other countries. In late 2007, PL were 
available for US$ 1.50/1000), a very low price that had 
hardly changed in the previous 15 years. During a sur¬ 
vey in 2005, more than half of the farmers bought seed 
from local hatcheries, as opposed to large hatcheries, which 
charged twice as much. In 2007 one farmer reported pay¬ 
ing US$ 6/1000! Ciliates (Zoothamnium spp.), bacterial dis¬ 
eases ( Vibrio and Aeromonas spp.) and viruses (MrNV and 
XSV) have been reported as problems in the hatchery stage. 
Potassium permanganate, chlorine and formalin are used 
in hatchery maintenance but the use of antibiotics (e.g. 
oxytetracycline) are discouraged. Typical survival to meta¬ 
morphosis is 30 to 50%. Most of the hatcheries are backyard 
hatcheries but Thai farmers now (2007) recognise the value 
of disease-free PL and are ready to pay a higher price for 
those from reputable sources. 

There are no specialist nurseries for M. rosenbergii in 
Thailand but most farms rear PL to juvenile size in their own 
nursery facilities, stocking at 19 to 208/m 2 into 1 to 5 rai 
(1600-8000 m 2 ) ponds or up to 800 m 2 into pens within 
grow-out ponds. Other farmers stock PL or juveniles di¬ 
rectly into grow-out ponds. Nursery ponds are aerated by 
paddlewheel, and achieve around 50% survival to 3 to 8 g 
juveniles over 60 to 80 days before transfer. Mostly, juveniles 
are not sold to other farms but, when they are, were worth 
Baht 600/1000 (~US$ 20/1000) in late 2007. In a 2005 sur¬ 
vey, some farmers reported that they treated nursery ponds 
with salt, as well as lime or dolomite, to produce a salinity 
of 0.1 to 1.2 p.p.t. 

Almost all grow-out production comes from mono¬ 
culture ponds, which were typically stocked at 10/m 2 in 
1999, sometimes in rotation with rice; there was also some 
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production from the irrigation canals surrounding crop 
plantations. In the 2005 survey, stocking rates had increased 
above typical 1999 levels: 69% of farmers were stocking at 
less than 20/nrbut 21% stocked at 20 to 40/m 2 and 10% at 
more than 40/m 2 . Ninety-six percent of those interviewed in 
2005 practised monoculture but experimental polyculture 
of M. rosenbergiiwith white shrimp ( Litopenaeusvannamei ) 
was also reported, as well as some occasional rotation be¬ 
tween prawn, shrimp and finfish culture or the alternation 
of prawn and rice farming on a two to three year cycle to 
improve soil quality. In 2007 there were over 8500 farms 
rearing freshwater prawns in Thailand. 

Most grow-out ponds are rectangular and vary from 0.3 
to 1.0 ha in area and are scraped to remove excess mud, 
limed at 950 kg/ha and sun dried for 5 to 7 days before use. 
When stocked with PL, the stocking rates vary from 5 to 
20 PL/m 2 , whereas those stocked with 7.5 to 8g juveniles 
are stocked at 6 to 10/m 2 . Sixty-nine percent of prawn farms 
were reported in the 2005 survey to be less than 5 ha and 
only 4% to be more than 10 ha; average pond depth was 
1.4 m (0.8-2.5 m). In one 16 ha farm in Ayutthaya (north 
of Bangkok), for example, ponds averaged 0.2 ha in 2007 
and were dried and limed between crops. Juveniles (3-5 g) 
were stocked at 7 to 10/m 2 . Ponds were not fertilised and a 
commercial feed costing US$ 807/t was spread around the 
ponds 3 or 4 times daily, achieving an FCR of 1.8 to 1.6:1. 
Losses due to disease at this farm were very low (estimated 
at <1%); normally these were caused by secondary infec¬ 
tions following physical injury and could be minimised by 
care to avoid damaging prawns during handling and avoid¬ 
ing using too high stocking densities. Predation was not a 
problem. This particular farm did not practice continuous 
culture or the culling out of larger animals during grow- 
out. The rearing cycle was 4 to 5 months, followed by batch 
harvesting. The output from this farm was destined for the 
domestic market, being sold at the farm-gate and to dis¬ 
tributors. Typical farm-gate head-on live prices achieved in 
late 2007 were US$ 3.00/kg for females and, for a 70 g size, 
US$ 6.00/kg for males. 

In 1999 it was estimated that about 50% of the feed 
used in Thai freshwater prawn farms was farm-made but 
that commercial feeds were becoming more popular. Many 
farms used a combination of farm-made and bought-in 
feeds. The results of a survey in 2005 showed that most 
farmers used commercial 5% lipid, 40% protein feed but 
17% of farmers supplemented this with ‘fresh supply feed’ 
(presumably ‘trash’ fish) and 2% combined commercial 
feed with a farm-made feed. Only 2% used ‘fresh supply 
feed’, and only 3% used farm-made feed alone. By 2008, very 
few farms were using farm-made feeds, owing to difficulties 
in obtaining suitable ingredients and the ready availability 
of commercial feeds. The cost of the commercial feeds used 
in 2007 varied widely, from US$ 500 to 1200/t. 


Feed is distributed widely in grow-out ponds, with the 
frequency varying from 4 times daily for PL to twice 
per day after 90 days of rearing. When PL are stocked, 
a fixed amount of feed is applied for the first 60 days 
(0.5 kg/1000 PL). The feeding rate recommended for larger 
prawns varies from 6% BW/day at 2 g to 2.5 to 2.0% BW/day 
for animals from 30 to 50 g. In 2007, commercial feeds were 
achieving an FCR of 1.5 to 2.0:1, whereas the 2005 sur¬ 
vey indicated an average of 2:1. Typically, ponds are limed 
during pond preparation and chicken manure may be used 
to provide an initial plankton bloom. Some farms which 
use the technology developed for intensive marine farm¬ 
ing, including paddlewheel aeration, were achieving over 
3.1 t/ha/crop in 1999. The 2005 survey reported that 78% 
of farmers used paddlewheel aeration and that water was 
exchanged on average every 12 days to maintain good qual¬ 
ity or to top up evaporation losses. Average annual prawn 
production amongst those surveyed was 2338 kg/ha/yr and 
net profit US$ 3918/ha/yr. A small proportion of the farm¬ 
ers surveyed achieved a productivity exceeding 5t/ha/yr. 
Most of the problems experienced in grow-out concern 
seasonal and local water shortages, and poor water qual¬ 
ity (especially sudden changes in pH following heavy rain, 
early morning plankton-induced oxygen depletion, and a 
build-up of dissolved nitrogen compounds and hydrogen 
sulphide in pond sediments). Few disease problems were 
noticed in grow-out in 1999, except for protozoan-induced 
black gill disease. However, problems with ESV and MrNV 
(causing as much as 50-100% mortality) as well as black 
spot were reported in 2008. Pond aeration was in use at 
night in the areas where intensive forms of aquaculture are 
practised, but not in the northeastern part of Thailand, 
where freshwater prawn farming is being expanded. Here, 
ponds tend to be shallower due to a high water table. In this 
part of Thailand, prawns (mixed sex, 30-40 tails/kg) were 
being sold at a single price of US$ 4.70/kg in 2007. 

Typically, ponds are no longer operated on a continuous 
basis. A series of selective harvests (Plate 4, facing p. 254) are 
taken before the ponds are finally drained (~ 11-12 months 
after PL are stocked), depending on the availability of water. 
Female prawns are culled out and sold about 3 to 4 months 
after stocking, following which monthly selective harvesting 
is practised over a further 6 to 7 months. In the 2005 survey, 
72% of interviewed farmers combined selective and final 
harvesting technology and 28% practised batch harvesting. 
While most achieved 1 to 2 rearing cycles/yr, some increased 
this to 3 to 5 cycles/yr by stocking with large juveniles and 
batch harvesting. Draining and pond drying usually takes 
place in May, before the onset of the new rainy season. The 
harvest is sold by a wide variety of means: farm-gate, to 
restaurants and hotels, to local and distant retail markets, 
and to wholesalers. Animals are often transported live to 
restaurants and hotels but most prawns sold in markets are 
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displayed fresh on ice. Nearly 59% of farms surveyed in 
2005 sold prawns to traders at the farm-gate, either live or 
not. Other major outlets were local markets, while very few 
sold directly to restaurants or hotels. At that time, farm-gate 
and market prices were similar, ranging from US$ 1.25 to 
3.75/kg for females and US$ 2.00 to 6.25/kg for males. In 
2007, it was reported that farmed prawns were being sold 
for a range of prices ranging from US$ 4.50 to 4.70/kg for 50 
to 55 g animals to US$ 5.00 to 5.50/kg for those weighing 67 
to 71 g. Some of the Thai production of farmed freshwater 
prawns goes to processors for export. In 2006, exports of 
over 81001 were reported. Premium prices are obtainable 
for prawns that are sold in restaurants or supermarkets alive, 
which is how the domestic market prefers them. However, 
prices of (dead) prawns on ice in local markets, such as the 
Khlong Tooey market in Bangkok, are lower, as shown in 
Figure 17.4. 

Both national average unit productivity and the area 
used for freshwater prawn production in Thailand appear 
to vary remarkably from year to year. One report in 2008 
curiously noted that total national output was equivalent 
to 4.15 t/ha from 6786 ha in 2003 but only 2.1t//ha from 
15 566 ha in 2004. It is possible that the area in 2003 
was under-estimated, since a national average exceeding 
4 t/ha/yr seems unlikely. 

An interesting snapshot of one Thai prawn farm was 
provided in a 2008 article. This farm is one of the most 
productive freshwater prawn farms in Ratchaburi province 
(where there are nearly 1000 farms with a total pond area 
of 3500 ha) and obtains lOOt/yr of prawns from 16 ponds 
totalling 24ha (4.16/ha). It is notable that this GAP 2 cer¬ 
tified farm is self-sufficient, in the sense that it sources its 
own (wild) broodstock, mates them on site in a spawning 
pond (~1 ha) and brings the berried females into its own 
hatchery. The PL produced are initially stocked into a nurs¬ 
ery pond at 300 000 to 440 000/ha. The nursery pond is first 
harvested when prawns reach 3 to 5 g and again 3 weeks 
later. Harvested juveniles are re-stocked into paddle-wheel 
aerated grow-out ponds at lower stocking densities, while 
the smallest prawns are left in the nursery pond and al¬ 
lowed to grow on to 65 to 85 g each. Female and damaged 
prawns are removed from the grow-out ponds after about 
130 days; these can easily be sold in local markets. Male 
prawns are allowed to grow for a further 50 to 60 days, 
by which time they reach a size of 85 to 125 g. The largest 
prawns are sent to customers in Bangkok, where they are 
sold live in restaurants and supermarkets. About one fifth 
of the output of the farm is exported through agents. This 
farm has 22 employees, which means productivity on this 
farm averages more than 4.5 t/yr/employee; in addition to 


(a) 



Fig. 17.4 (a) & (b) Freshwater prawns on sale in the 
Khlong Tooey Market of Bangkok, Thailand in March 
2008. At that time, retail prices were US$ 2.50 to 4.00/kg, 
depending on size. (Reproduced with permission of 
Stephen Goddard.) 


2 Good Agricultural Practice 
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Table 17.5 Export of frozen Thai freshwater prawns 
(M. rosenbergii) 2002-2006 (t). 



2002 

2003 

2004 

2005 

2006 

Australia 

169 

65 

56 

41 

54 

Belgium 


26 

254 

206 

75 

Canada 

12 

12 

141 

618 

887 

Cambodia 





1 

China 

322 

782 

833 

827 

722 

Croatia 




1 


Cyprus 

16 

6 



1 

Czech Republic 





8 

Denmark 





6 

Egypt 





21 

France 

57 

9 


18 

103 

French Polynesia 





1 

Germany 

<1 

<1 

<1 



Guadeloupe 





39 

Hong Kong 

97 

136 

89 

13 

<1 

Hungary 

1 

8 

16 

9 

10 

Iceland 




12 


India 

<1 





Indonesia 

17 

68 

50 

30 


Israel 


1 


68 

97 

Italy 

86 




3 

Japan 


3 

4 

<1 

44 

Korea (DPRK) 



<1 



Korea (ROK) 

28 

28 

132 

298 

1010 

Laos 



<1 



Malaysia 


1 

24 

18 

91 

Mexico 




56 

51 

Myanmar 

2 




<1 

Netherlands 



<1 



New Zealand 

10 

29 

33 

21 

7 

Pakistan 


7 




Philippines 



14 



Qatar 

10 

5 

3 

10 

8 

Russian Federation 





5 

Saudi Arabia 

32 

54 

44 

35 

40 

Singapore 

95 

12 

26 

31 

13 

Taiwan 

12 

13 

12 

1 

2 

United Arab Emirates 

23 

44 

73 

30 

50 

United Kingdom 

15 





USA 

958 

792 

1420 

2568 

3410 

Vietnam 



11 

208 

144 

Total frozen 

1961 

2099 

3236 

5119 

6903 


servicing the grow-out farm, its employees are responsible 
for its 5 million PL/season hatchery, which supplies other 
farms too. 

Thai Department of Fisheries statistics (Tables 17.5 and 
17.6) show that total exports of freshwater prawns are 
rapidly increasing, more than trebling between 2002 and 
2006; in addition, exports of fresh/chilled prawns increased 
by more than a factor of ten during that period. The 
main importers of Thai frozen M. rosenbergii in 2006 were 
Canada, China, Korea (ROK) and the USA. Korea (ROK) 


also imported substantial quantities of fresh/chilled prawns, 
though less in 2006 than in 2004 and 2005. Thai frozen and 
fresh/chilled prawns are also exported in significant quan¬ 
tities to the EU, especially via Belgium. In 2008, large whole 
live freshwater prawns (12-15/kg) were being offered for 
export from Thailand at US$ 15/kg (minimum quantity 
100 kg). 

In 2008, disease problems and high feed costs were re¬ 
garded as the most serious constraints to further expansion 
of freshwater prawn farming in Thailand. Genetic deteri¬ 
oration was not regarded as a serious issue but research 
on producing improved stock is on-going. SPF strains are 
being developed to combat the disease problems and were 
expected to become available during that year. Farm stan¬ 
dards to improve marketing are being promoted and the 
number of GAP-certified farms was increasing. Further ex¬ 
pansion in freshwater prawn farming in Thailand was being 
forecast and government support to the industry is being 
made available. Particular support was being provided to 
encourage the export of Thai farm-raise freshwater prawns. 
Research to support this important Thai industry is also un¬ 
derway. In addition to an ongoing (2008) project designed 
to produce SPF prawns (free of MrNV and XSV) supported 
by the Agricultural Research Development Agency, a 3-year 
programme in co-operation with the Ben Gurion Univer¬ 
sity of the Negev (Israel), which seeks to produce monosex 
cultures, is expected to be completed in 2010. 

17.1.8.2 Enhancement 

In 1999 it was estimated that about 1000 t/yr of M. rosen¬ 
bergii were being harvested from the capture fisheries of 
Thailand, mainly due to enhancement programmes. Nat¬ 
ural spawning occurs further inland than formerly, and 


Table 17.6 Export of fresh/chilled Thai freshwater 
prawns (M. rosenbergii) 2002-2006 (t). 



2002 

2003 

2004 

2005 

2006 

Belgium 




119 

333 

China 

Denmark 


<1 

<1 


<1 

Germany 

Hong Kong 


<1 

1 


5 

Italy 





7 

Japan 


<1 

<1 

<1 

<1 

Kenya 





5 

Korea (DPRK) 



3 


143 

Korea (ROK) 

76 

419 

1064 

1179 

684 

Malaysia 

Singapore 

14 

36 

34 

1 


Taiwan 

United Kingdom 

1 

<1 

1 


<1 

Total fresh/chilled 

92 

456 

1103 

1300 

1176 
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Table 17.7 Stocking and production of giant river prawns in Pak Mun Dam, 
Thailand. 


Year 

PL stocked 

Catch (t) 

Value (US$) 

1995 

7 million 



1996 

5 million 

12.689 

119 560 

1997 

5 million 

11.679 

117 920 

1998 

3 million 

10.657 

104 000 

Total (1995-1998) 

20 million 

35.025 

341 480 

Recent(2003-2007) 

40 million/year 

lOOt/year 

1.19-1.36 million/year 


also in orchard canals. This supply, which occurs above the 
coastal pollution line, is being supplemented by the stock¬ 
ing of hatchery-reared PL. M. rosenbergii is fished from the 
four major rivers of Thailand, in addition to many reser¬ 
voirs that have been stocked with PL from government 
hatcheries. 

These hatcheries were originally established to stimulate 
the expansion of farming activities (Chapter 1). Since ade¬ 
quate supplies for this purpose from commercial hatcheries 
became available, government hatcheries have concentrated 
on supplying enhancement programmes. Positive feed¬ 
back was obtained from the re-stocking programmes. High 
catches were observed from locations far from the coastal 
area. In two reservoirs, detailed records of returns from 
stocking programmes have been kept. 

Data from the Ubon Ratana reservoir showed an in¬ 
creased catch since stocking began. In 1996, 1.5 million PL 
were stocked, 4.1 million in 1997 and 7.0 million in 
1998. The recorded catch, which almost certainly under¬ 
estimated total production, was 167 kg in 1996, 254 kg in 
1997 and 316 kg in 1998. Prawns are caught from these 
enhancement programmes for family consumption and 
for sale. The price for wild-caught M. rosenbergii was re¬ 
ported to be higher than for farmed animals. No wild- 
caught prawns were exported. Small quantities of the rice- 
land prawn (M. lanchesteri) (see Chapter 23) are harvested 
for family use in the rice fields, reservoirs and canals of 
Thailand. 

More details are available mainly from a 2003 study on 
the stocking and recovery of the prawn in the 4908 ha Pak 
Mun Dam located in lower Mun River, 5 km upstream 
from its confluence with the Mekong River. The 300 m 
long and 17 m high dam was constructed in 1994, within 
a multi-purpose scheme for power generation, irrigation, 
flood control, fisheries production and recreation, and in¬ 
cluded a fish ladder. On completion of the dam, a fresh¬ 
water prawn stocking programme was started to increase 
the value of fish production, which had been affected by the 
operation of the dam. During 1995 to 2000,22 million PL30 
were stocked in the reservoir. Some stocked prawns reached 


downstream through spillways and turbines. Data collected 
from the catches of fishermen operating in the reservoir 
and downstream from May 1999 to April 2000 showed 
that the average weight of prawns from the reservoir was 
236.5 g. The production was 79.5% from the reservoir and 
20.5% downstream. The total yield was 16.65 t/yr, valued at 
US$ 122 027/yr. This contributed 53.8% of the total reser¬ 
voir fish catch by weight and 97% by value. This yield was 
calculated to be equivalent to an average of 3 kg/ha/yr, which 
is higher than the 2.11 kg/ha/yr obtained from the Songhkla 
Lake in Southern Thailand in 1992. The stocking and pro¬ 
duction of freshwater prawns during 1995 to 1998 in Pak 
Mun Dam (Table 17.7), shows the positive correlation be¬ 
tween prawn stocking and catch. 

The prawns in Pak Mun Dam were harvested eight 
months after stocking. The study concluded that the stock¬ 
ing programme was a successful effort in fishery manage¬ 
ment; the net profit for investment was 43%. For successful 
operations, M. rosenbergii seeds have to be stocked annu¬ 
ally because the completion of the life cycle is impossible 
in freshwater. It was also observed that prawns should be 
stocked in suitable places upstream, further away from the 
dam structure, to prevent them being washed downstream. 
They should also be placed in locations with natural shelters 
to prevent predation and ensure a rich supply of feed. It is 
desirable to grow PL to juvenile size first to ensure better 
survival and to maximise economic yield. 

The recovery rate in Pak Mun Dam was reported as 1% 
in the 2003 study, but in the general assessment of the cur¬ 
rent year (January 2008) a higher recovery rate of 2.5% 
is shown. The difference is because the earlier assessment 
covered the period 2000 to 2002, when there was no inten¬ 
sive stocking. Since 2003, 40 million PL have been stocked 
each year in this dam (Table 17.7). The Department of 
Fisheries (2008) estimates more recent annual production 
as around 1001, valued at 35 to 40 million baht (US$ 1.19— 
1.36 million). In general, the open water stocking of fresh¬ 
water prawns in Thailand is considered successful. Fur¬ 
ther planned expansion of prawn fisheries enhancement is 
envisaged. 
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17.1.9 Vietnam 
17.1.9.1 Farming 

Freshwater prawn farming began in the early 1980s in Viet¬ 
nam, to supplement the capture fisheries production. The 
scale of farming activities is now substantial but it is diffi¬ 
cult to assess the volume of its national production. No spe¬ 
cific figures for farmed M. rosenbergii production appear in 
FAO statistics but there is a general category of production 
named ‘freshwater crustaceans not elsewhere included’; es¬ 
timated output under this category increased from 10 0001 
in 1990 to 16 5001 in 1995. Since 1996, actual, rather than 
estimated, data in this statistical category have been re¬ 
ported to the FAO by Vietnam; production under this sta¬ 
tistical category have exceeded 5000 t/yr since 2002 (79001 
in 2007). Some riceland prawns ( Macrobrachium lanches- 
teri) may be included in this data; it is still unclear what 
proportion of this production is M. rosenbergii; however, it 
is believed to be substantial - indeed the actual production 
of M. rosenbergii is believed to be much higher than these 
official figures indicate. Estimates obtained by New (2000) 
indicated that the production of farmed freshwater prawns 
in the Mekong delta region, the main farming area, had risen 
from 25001 in 1995 to 3000 tin 1998 and was still expanding 
in 1999. One publication issued by the Ministry of Fisheries 
(Vietnam) in 2003, stated that the national production of 
farmed freshwater prawns was 10 0001 in 2002. Thus, the 
statistical situation is very clouded and will remain so until 
Vietnam separates its farmed freshwater prawn production 
from other aquaculture statistical categories when report¬ 
ing to the FAO. However, it seems likely that Vietnamese 
production already well exceeds 10 000 t/yr. 

M. rosenbergii is indigenous to Vietnam and broodstock 
are obtained from rivers, rice fields and farm ponds and re¬ 
tained for about a week until they spawn (they are not reared 
for re-maturation); 35 to 70 g berried females cost about 
US$ 15 to 20/kg (2007). There are some efforts to improve 
broodstock by selective breeding. In 1999 the major source 
of seed for grow-out was the capture fisheries, where brush¬ 
wood (Fig. 17.5), stow and straw nets, and shelter traps were 
commonly used (New 2000). Many hatcheries were under 
construction at that time and about 15 already existed but 
the PL supply was not yet stable. By the end of 2003, there 
were 90 inland freshwater prawn hatcheries in Vietnam 
(up from 2 in 1998), producing over 115 million PL/yr. The 
total number of hatcheries in 2007 is unknown but sub¬ 
stantial; however, the demand for PL is still greater than 
the supply. Some hatcheries use clearwater techniques and 
others greenwater; some operate open and some recircula¬ 
tion systems. However, the greenwater system has proved 
problematic, especially in the rainy season, and large so¬ 
phisticated recirculation hatcheries have proved difficult to 
manage; some of the technologies introduced into Vietnam 



Fig. 17.5 Brushwood used to collect postlarvae (PL) of 
M. rosenbergii in Vietnam. (Reproduced with permission 
of Michael New.) 


in the early days of Macrobrachium culture were, in retro¬ 
spect, unsuitable. Larval stocking rates range from 40 to 
125/L but are typically 40 to 60/L in greenwater and 80 to 
100/L in open and recirculation systems. Artemia nauplii 
and fortified egg custards are fed. Protozoan infestations, 
exuvia entrapment disease (EED), viral WTD and fungal 
diseases are experienced and larval survival to metamor¬ 
phosis may vary from zero to 80% (typically 30-50%). 
Formalin and probiotics are used in some hatcheries. PL 
are sold at US$ 6.30 to 9.40/1000. Some farms stock PL into 
grow-out ponds, others stock juveniles. Nursery facilities 
may be 0.05 to 0.1 ha ponds or 10 to 50 m 2 tanks, in which 
PL are stocked at 50 to 100/m 2 and reared for 20 to 60 days. 
They were fed commercial or farm-made feeds several times 
per day and night, to produce 1.2 to 3.0 g juveniles. When 
juveniles are sold to other farms, they cost US$ 18.80/1000, 
depending on size. 

Pen culture of freshwater prawns, using mostly wild- 
caught juveniles, has been a traditional activity in the 
Mekong delta of Vietnam. A socio-economic and technical 
survey of prawn pen culture in 2005 found that pens were 
typically rectangular, averaging 209 m 2 stocked at 62/m 2 
and fed on farm-made feed. Stocked in June, the prawns 
were being harvested 2 to 4 times, beginning 4 months 
after stocking, until the following December or January. 
Yield averaged 0.52kg/m 2 (0.14-1.6kg/m 2 ) and net return 
US$ 0.71/m 2 /yr (US$ 1.24—4.37/m 2 /yr). About 73% of the 
farmers achieved positive net returns but this specific ac¬ 
tivity was constrained by disease problems, poor quality of 
(wild) seed, disease problems, lack of technical knowledge 
and poor water quality. However, the survey found that this 
activity did not cause any significant build up of nutrients 
or organic matter on the bottoms of rivers or canals. 
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Polyculture with common carp, tilapia and silver barbs 
also used to be practised in ponds. However, most pond cul¬ 
ture of freshwater prawns in Vietnam is now in monocul¬ 
ture. Freshwater prawns are also integrated with rice culture 
(mostly in crop rotation but sometimes synchronously); 
production from this form of rearing may contribute more 
to the total output than pond culture. The total number of 
locations where freshwater prawns are reared in Vietnam 
in 2007 is unknown but over 1100 ha was reported to be 
under prawn farming in An Giang and Can Tho provinces 
alone in 2005; individual farms can be as large as 10 ha with 
varying pond size. Ponds are stocked with 4 to 15 PL/m 2 or 
juveniles at 10/m 2 and both organic and inorganic fertilis¬ 
ers applied (total cost US$ 70-100/crop). Both commercial 
(US$ 560—1250/t) feeds, snails (US$44/t) and farm-made 
feeds (US$ 312-438/t) are broadcast, sometimes by boat 
and feed trays, several times in the day and night. Feed¬ 
ing rates range from 50 to 150% BW/day at first, falling to 
1.5 to 2.0% BW/day. Commercial feeds achieve an FCR of 
1.5 to 2.0:1 and farm-made feeds 2.0 to 3.0:1. Some fungal 
disease, gill necrosis and parasites are observed but losses 
from such causes are minimal; predation by carnivorous 
fish (i.e. snakehead, climbing perch, and walking catfish), 
tadpoles and snakes, together with cannibalism, are prob¬ 
lems. Some grow-out prawns seasonally, some year-round, 
depending on PL supply, water supply and salinity (and in 
integrated culture, on the rice-prawn management system). 
Typically, the grow-out cycle is 4 to 7 months. The main 
harvest takes place at the end of the cycle but some farmers 
do cull out larger animals once or twice during the rearing 
cycle; others remove berried females, small prawns and BC 
prawns more frequently. The preferred harvest size is 35 to 

100 g. 

Prawns are mostly consumed domestically but are also 
exported to the USA, EU and Japan. Domestic sales occur 
at the farm-gate, through distributors, and sometimes to 
restaurants and hotels or in local markets. Average farm- 
gate head-on prices in Vietnam in 2007 were US$ 5 to 8/kg 
for 25 to 50 g prawns, US$ 8 to 10 for 50 to 80 g animals and 
US$ 10 to 12/kg for 80 to 120 g prawns. Soft-shelled prawns 
fetch low prices (US$ 3.10-3.40/kg) and small prawns even 
less (<US$ 2.00/kg). The main growing season for farmed 
prawns is April to November; outside this season the de¬ 
mand is satisfied from the natural fisheries. Increasing costs 
for land, feed, fuel and transport, while product values are 
steady, are constraints to further development of this form 
of aquaculture. PL quality is also an issue. However, de¬ 
spite these problems, correspondents report government 
encouragement and support and expect that freshwater 
prawn farming in Vietnam will expand. The Vietnamese 
Ministry of Fisheries has set a target national production 
of 60 000 t/yr of farmed freshwater prawns by 2010. It is to 
be hoped that Vietnam will start to separate out freshwater 


prawns from other aquaculture production statistics soon, 
so that progress can be more effectively monitored. 

17.1.9.2 Enhancement 

There is no organised enhancement programme at present 
(2008) but, during the flood season, prawns from culture 
systems move out into the surrounding flood waters and 
naturally enhance the capture resources. 

17.1.10 Other Asian countries 
17.1.10.1 Farming 

Although preliminary work started in Brunei Darus¬ 
salam more than 25 years ago, production remained be¬ 
low 1 t/yr until 2003. Annual production reported to 
the FAO was 3 t in 2004. The Fisheries Department 
of Brunei Darussalam reported that production had de¬ 
clined from its peak of 2.71 in 2004 and that there was 
no production in 2007. A pilot-scale hatchery was built 
in 1982 but it was converted to marine shrimp juvenile 
production in 1989. A new government marine shrimp 
hatchery was started in 1993, which also made provi¬ 
sion to produce M. rosenbergii PL in 1998. Its total ca¬ 
pacity is 300 000 to 500 000 PL/cycle but the last pro¬ 
duction cycle was in February 2006. When this coastal 
hatchery was producing freshwater prawn PL it produced 
200 000 to 300 000/cycle, after being stocked at 60 larvae/L 
water exchanged at 30%/day, and fed with an Artemia 
(US$ 46.90/kg) and achieving 60% survival. Production was 
greater than the demand for aquaculture and the excess was 
released into the Binutan and Imang dams and the Ukong 
and Temburong Rivers for enhancement purposes (see sec¬ 
tion 17.1.10.2). Berried females of more than 30 g were 
obtained from rivers (cost US$ 13-16 each!), stocked into 
2 m 3 tanks inoculated with Chlorella spp., obtained from a 
separate tank with tilapia (the hatchery was operated using 
the original ‘Fujimura-Hawaii’ greenwater technique devel¬ 
oped in the 1970s). In addition to the greenwater, 18 hour 
Artemia nauplii were fed from day 2 to day 10 and 24 hour 
nauplii from then until harvest. An egg custard is also fed 
from day 7 onwards. No hatchery diseases were reported. 
PL are sold at US$ 10/1000 and stocked directly into grow- 
out ponds at 15/m 2 ; there is no nursery phase. Grow-out 
is entirely in monoculture ponds. Currently, there are 3 
farms (0.4-1.0 ha) that rear freshwater prawns, as well as 
freshwater finfish; pond size ranges from 0.10 to 0.12 ha. 
When used for prawn culture, ponds are fertilised with 30 
to 50 kg/ha of NPK (US$ 1935/t) and 200 kg/ha of chicken 
manure (US$ 86/t). Commercial feed (US$ 968/t) is broad¬ 
cast thrice/day at a total of 4% BW; there is no information 
on the FCR achieved. No diseases have been reported but 
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predation, mainly by otters and lizards and cannibalism 
during prawn moulting has been observed. Cast nets, fry 
nets and portable traps (‘ bubu ’) are used for harvesting. 
Partial harvesting is sometimes practised and the total har¬ 
vest is made when prawns reach the preferred average mar¬ 
ketable size of 20 to 30 g, usually after 6 to 8 months. The 
output of these farms is destined entirely for the domestic 
market via wholesalers who collect from the farms, paying 
US$ 6.45/kg for 20 g animals, rising to US$ 9.03/kg for 50 g 
prawns. Those over 50 g fetch at least US$ 11.60/kg. The 
main constraint to future expansion in Brunei Darussalam 
is the absence of any dedicated commercial hatchery for 
freshwater prawns. There is a growing domestic demand 
for prawns, which are a feature of the local cuisine, because 
of an increasing population and a decline in wild-caught 
prawns. The government is keen to encourage expansion 
but suffers from lack of staff. If these difficulties can be 
overcome, there is potential for expansion. 

Up to 1999, there were no freshwater prawn hatcheries or 
grow-out farming activities in Cambodia, because the tech¬ 
nology had not yet been adequately demonstrated. How¬ 
ever, some potential was thought to exist, since wild-caught 
Macrobrachium are sold domestically and sometimes across 
the border with Thailand. By 2006 the production of batches 
of freshwater prawn PL at a number of government and 
private fish hatcheries had been successfully completed. In 
2008 it was reported that there were plans to optimise nurs¬ 
ing technology, develop grow-out technology and then to 
promote this form of aquaculture through training end ex¬ 
tension work in order to develop an industry. 

M. rosenbergii, which is not endemic to Iran, was first 
introduced as broodstock and PL from Bangladesh in 1991 
by the Iranian Fisheries Research Institute and reared in 
tanks close to the Caspian Sea. Rearing of the imported PL 
to adults was successful but larval culture failed. A second 
introduction of juveniles from Malaysia was made in 1993 
by the Fisheries Organization, which attempted to rear 
them in earthen ponds in Khouzestan, in the southwest of 
Iran. This venture failed so a third introduction, also from 
Malaysia, was made in 1994 when juveniles were placed in 
a private carp farm in Khouzestan, where some grew and 
provided future broodstock for the following year. The first 
successful larval rearing occurred in 1995 and extension 
activities began. National production remained below 
lOt/yr until 2000, when 141 was reported. Iran began to 
report production to the FAO in 2001 (23 t); production 
stayed around that level until 2004, then suddenly leapt 
to 2681 in 2005, 2701 in 2006 and 258 t 2007. Inbreeding 
resulted in decreased growth rate and a new introduction of 
PL from India was made in 2005. ‘Hybridisation’ between 
the old and the new stock is reported to have failed but the 
new stock thrived, both in terms of survival and growth 
rate. Freshwater prawn farming in Iran has been in the 


form of polyculture with Chinese carp, often substituted 
for common carp. However, since the farming period and 
harvesting time of prawns does not entirely synchronise 
with carp, creating marketing problems, one correspondent 
has noted that there has not been great enthusiasm by 
farmers for cultivating M. rosenbergii. However, there are 
about 7500 ha of ponds in Iran that experience more than 
6 months per year with water temperatures above 25°C. 
Furthermore, 3 hatcheries (in the south, west and east of 
Iran), with a potential capacity of 20 million PL/yr, had 
been constructed by 2008. It seems that there is a future for 
commercial freshwater prawn farming in Iran but its rate 
of expansion remains uncertain. 

In Western Asia, the main activity in the early days of 
prawn farming was in Israel. Although FAO statistics show 
that production of freshwater prawns peaked in 1984 and 
1985 at 25 t/yr, the actual production may have reached as 
high as 40 t/yr. By 1987 production had declined to 3 t/yr, 
where it remained until 1994. Since then there has been 
no commercial production. Most prawns were harvested 
within a relatively short period (September/October) and 
mainly exported frozen. The small and seasonal nature of 
the harvest precluded the development of a reliable ex¬ 
port market. Despite these constraints, several farmers who 
used to culture Macrobrachium have recently indicated an 
interest in starting again. The demise of this industry, in a 
technological climate where research achievements in this 
field have continued, both nationally and internationally, is 
attributed to several factors. These include: the unsuitability 
of freshwater prawns to the intensive recirculation systems 
that are favoured in Israel because of the shortage of water; 
the high cost of PL; the attractions of alternative crops like 
tilapia which are perceived to be less sensitive to low oxygen 
levels, easier to harvest and store before export; the absence 
of a sufficiently large local demand base (prawns are non- 
kosher), which could have supported the development of 
an export sector; and poor marketing. 

FAO statistics do not show any specific production of 
M. rosenbergii in Japan, although production of ‘fresh¬ 
water prawns and shrimps not elsewhere included (Palae- 
monidae)’ was reported during the years 1982 to 2001. M. 
rosenbergii is the only species that was farmed. Using the 
FAO data, backed up by local information, it appears that 
production reached a peak of 551 in 1987. However, output 
has since gradually declined and was reduced tol2tin2001; 
no output has been recorded since then. Over the years, 
when freshwater prawn farming ventures existed, they were 
intermittent and widely scattered throughout Japan, mostly 
selling to hotels and restaurants, but 50% of the 1997 pro¬ 
duction was reported to have come from the Osaka area. It is 
believed that the grow-out systems used in earlier freshwater 
prawn farming ventures consisted of tanks with the feed¬ 
ing of commercial diets. Though there are some imports of 
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freshwater prawns into Japan from India, Malaysia, Thai¬ 
land and Vietnam (see sections 17.1.3.1, 17.1.5.1, 17.1.8.1 
and 17.1.9), it is to supply a small local niche market. Con¬ 
sumers generally prefer marine shrimp, especially Marsu- 
penaeus japonicus, which are consumed raw or cooked. De¬ 
spite this, other species of Macrobrachium, mainly M. nip- 
ponense, are harvested from the capture fisheries of Japan. 

The land-locked country of Nepal has shown interest in 
freshwater prawn farming for a long time. Originally, PL 
from India were used for experimental work. Later, brood- 
stock M. rosenbergii were introduced in 1986 and again in 
1999. By 2007 there were about 10 private farms, one gov¬ 
ernment farm and another at a fisheries academic institute. 
Hatchery production, based on broodstock obtained from 
grow-out ponds and a dynamic closed system approach, is 
currently low (30 000-45 000 PL in 2007), but survival rates 
to metamorphosis are good (>75%). Larvae are normally 
only fed Artemia nauplii up to metamorphosis, substituted 
by egg custard and boiled fish when juveniles in the nurs¬ 
ery phase, and boiled fish and a farm-made 35% protein 
pelleted feed on alternate days during grow-out. PL are 
made available at US$ 16/1000 and are stocked into grow- 
out ponds (<0.5 ha) at 6 PL/m 2 in monoculture or 2/m 2 in 
polyculture with common carp, silver carp, bighead carp, 
grass carp, rohu and mrigal. Ponds are prepared by drying, 
cleaning, liming at 500 kg/ha and filling, and bamboo splits 
are used to provide substrate and shade for the prawns. 
During grow-out, ponds are fertilised, based on secchi disk 
evaluation, with diammonium phosphate (US$500/t) at 
10 kg/ha and urea (US$ 250/t) at 5 kg/ha. The prawns are 
fed at a total of 5% BW/day, split between morning (30%) 
and afternoon (70%) applications. Prawns are reared dur¬ 
ing the summer and autumn rainy season in Nepal; from 
January water temperature can be as low as 13°C for 120 to 
150 days. An unspecified fungal disease has been noted dur¬ 
ing grow-out due to winter stress; losses may be more than 
50%. Prawns are harvested by seining and drain down at the 
end of the rearing cycle (no partial cull-harvests) and gener¬ 
ally prawns averaging 80 to 90 g are obtained (a maximum 
size of270 g has been achieved). Prawns are sold at the farm- 
gate, and occasionally to a restaurant/hotel. Head-on live 
prawns are sold at US$ 7.50/kg at the government farm and 
US$ 13.60/kg from private farms (the price differential does 
not imply competition; supply is minimal). The principal 
constraints to the further development of freshwater prawn 
farming in Nepal are: difficult access to seawater for the 
hatcheries; climatic factors; lack of trained staff; and inade¬ 
quate financial and human resource investment in research 
and development. Despite these difficulties, expansion is 
forecast. 

In 1990, M. rosenbergii was introduced into a hatchery 
situated 400 km north of El-Aqaba, the only source of sea¬ 
water in Jordan (recirculation systems do not seem to have 


been tried). Suitable sites for grow-out ponds were not 
identified; the pH of water in those that were established 
exceeded pH 9. This activity was abandoned in 1995. 

M. rosenbergii is believed to be indigenous to Pakistan 
in the Indus Delta but is probably at its extreme western 
geographical limit. In 1996, FAO conducted a feasibility 
study on establishing a freshwater prawn hatchery in Sindh 
province based on M. rosenbergii. While encouraging the 
continuation of work on M. malcolmsonii, this study rec¬ 
ommended that M. rosenbergii should be the species chosen 
for commercial development; however, this recommenda¬ 
tion had not been followed up by 2007. All research and 
development activities designed to exploit the considerable 
potential of freshwater prawn farming in Pakistan have so 
far been based on the indigenous prawn M. malcolmsonii 
(Chapter 23). 

Efforts to start farming in the Philippines begun in 1975 
but did not develop commercially at that time, due to the 
national focus on marine shrimp farming. In recent years 
interest has been rekindled, due to the desire to find al¬ 
ternative species following a slump in the marine shrimp 
farming industry due to disease problems. M. rosenbergii 
is indigenous; however, broodstock were also introduced 
from Thailand, with the intention of jump-starting an in¬ 
dustry but genetic deterioration has been observed. Re¬ 
search on domesticating and evaluating the performance 
of local stocks is now being carried out. Up to 2004, pro¬ 
duction of freshwater prawns was not recorded separately; 
official returns to the FAO first showed an output of 41 in 
2005, increased to 71 in 2007. In 1999 it was reported that 
small numbers of PL had been provided to tilapia farmers 
and two farm reservoirs had been stocked and that a gov¬ 
ernment hatchery was being constructed in Munoz, Nueva 
ficija. By 2007 there were two government hatcheries, one 
inland in Munoz and the other coastal in the National Fish¬ 
eries Research & Development Institute (NFRDI), which 
provide about one million PL free to farmers. In addition, 
while its emphasis is on research, the SEAFDEC/AQD Bi- 
nanongan Freshwater Research Station on the shores of 
Laguna de Bay also produces a few PL for sale to farmers 
from its hatchery, using artificial seawater. There are also 
two private hatcheries (one a coastal hatchery converted 
from producing Penaeus monodon) producing freshwater 
prawn PL. However, there is currently a deficit in supply. 
All the hatcheries are in Luzon. Broodstock are obtained 
both from farm ponds and from the wild, with a cost of 
US$ 6 to 9/kg. Most hatcheries use a clearwater system but 
the SEAFDEC/AQD hatchery uses both this and a greenwa- 
ter system. Larvae are stocked at 50/L or less, fed Artemia 
nauplii and egg custard. Antibiotics are not normally used 
but tiny ‘jellyfish’ have been observed in tanks exhibiting 
high mortalities. Average survival from stocking to meta¬ 
morphosis is 30% and PL 15, when sold, are supplied at 
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US$ 22.40/1000. Commonly, a 2- to 4-week nursery phase 
to produce 0.3 to 1.5 g juveniles is conducted in hapa nets in 
ponds (or, for Southeast Asian Fisheries Development Cen¬ 
ter Aquaculture Department [SEAFDEC/AQD], in lakes); 
cages vary from 2 x 3 x 1 m in ponds to 10 x 20 x 1.25 m 
in lakes. PL stocking rates are 100/m 2 in NFRDI at first, fol¬ 
lowed by a reduction to half that rate after 2 weeks. When 
sold, juveniles fetch US$ 33/1000 for PL30 and US$ 44/1000 
for PL45. Normally, ponds are used for grow-out, although 
cage culture in Laguna de Bay has recently been introduced 
and some rice-prawn culture is being encouraged. There 
are no data on the number of farms yet (2007). Ponds are 
stocked with PL 15 to 30 at 5/m 2 cages at 10 to 15/m 2 and 
paddy fields at 10/m 2 . Some farms use farm-made feeds, 
others use marine shrimp feeds (US$ 1067/t) or tilapia feeds 
(US$578/t), broadcast in ponds and on feeding trays in 
cages once or twice per day. Commercial feeds achieve FCR 
of 1.5 to 2.5:1. No grow-out diseases are reported so far 
(2007). Prawns are harvested by seine from ponds and lift 
net from cages at the end of the 5 to 6 month rearing cycle 
(2 cycles/yr) but prawns grow faster in summer; no con¬ 
tinuous culture or culling out of larger prawns is carried 
out at this time. The preferred size range at harvest is 25 
to 60 g. Flarvested prawns are sold domestically at US$ 3.30 
to 4.40/kg, generally within the immediate locality of the 
farm; rarely they reach a supermarket, where they are mar¬ 
keted at US$ 7.80/kg. Constraints to the development of 
freshwater prawn farming in the Philippines include the 
shortage and high cost of PL (few hatcheries; low survival 
rates). In addition, the recent lifting of the ban on the in¬ 
troduction of Litopenaeus vannamei (in January 2007) for 
grow-out in very low salinity has diverted attention from 
M. rosenbergii. While coastal people prefer marine shrimp, 
claiming a better taste and the benefits of a higher taikhead 
ratio, consumption of indigenous freshwater prawns (of 
various species from the fisheries) is higher in inland ar¬ 
eas and there is no resistance to farmed freshwater prawns. 
Despite this commercial setback, which may be temporary, 
freshwater prawn farming is being aggressively promoted 
by various organisations, including the Bureau of Fisheries 
and Aquatic Resources (BFAR) and SEAFDEC. 

In Saudi Arabia, limited quantities of freshwater prawns 
were imported from Pakistan in 1984 by Saudi Fisheries 
(species unknown), but they did not prove successful with 
its clients when offered at prices higher than the locally 
favoured marine shrimp, Fenneropenaeus indicus. Despite 
this, a feasibility study on freshwater prawn farming was 
conducted in 1994, and several pilot-scale projects have 
been reported in the Riyadh area. However, none has be¬ 
come commercial. 

Experiments on the culture of M. rosenbergii took place 
in the 1970s in the stations of the Primary Production De¬ 
partment of Singapore but commercial farming did not fol¬ 


low. The reasons were the limited freshwater sites available 
and the decision to concentrate efforts on marine foodfish 
aquaculture in coastal floating net cages. 

Though there had been experimental work since the 
1980s, no commercial farming of M. rosenbergii had been 
reported in Sri Lanka by 1999 (New 2000). However, 
new policies aimed at stimulating aquaculture develop¬ 
ment were expected to boost interest in the farming of 
this species. It was reported that an experimental gov¬ 
ernment hatchery was being constructed under an ADB 
(Asian Development Bank) funded project and that the 
private sector would be encouraged to develop the 25 
hatcheries and the grow-out facilities that were necessary 
to produce the targeted 155t/yr, rising to 780t/yr in 5 
years. The production of M. rosenbergii in Sri Lanka is 
currently based on capture, mainly from reservoirs and 
flood plains such as the villus of Mahaveli River. The 
prawn production is essentially culture based, limited to 
stocking and harvesting seasonal and minor perennial 
earthen reservoirs (known in the Indian sub-continent 
as ‘tanks’). Aquaculture is of a very limited scale. All 
aquaculture activities, including freshwater prawn culture, 
were suspended for some years by the government, but were 
revived after the formation of the National Aquaculture De¬ 
velopment Authority of Sri Lanka (NAQDA) in 1994, which 
now operates a M. rosenbergii hatchery in the North West¬ 
ern Province (NWP) to supply seed for the culture-based 
program. Two new hatcheries are to be constructed under 
an ADB project in the NWP and Thillawatuna in the South¬ 
ern Province. A study of freshwater prawn farming in Sri 
Lanka was carried out recently under an FAO project and 
commercial production of this species was first reported 
to the FAO by Sri Lanka in 2007 (18 t). The NAQDA pro¬ 
gramme, which began in 2001, produced 660 000 prawn PL 
in 2005; most of these were stocked in ponds and seasonal 
water bodies. At a stocking density of 4/m 2 the estimated 
production was 251. Sri Lanka plans to develop 300 ha of 
prawn farming area. CIC Agribusiness, a local private com¬ 
pany, in collaboration with the CP Group (Thailand), has 
ventured into the supply of freshwater prawn seed to farm¬ 
ers to enable them to increase their income from marginal 
and unproductive lands. 

17.1.10.2 Enhancement 

Few enhancement activities have been reported in the other 
Asian countries where M. rosenbergii is indigenous. 

The Department of Fisheries in Brunei Darussalam has 
released excess production of M. rosenbergii PL into the 
rivers Ukong and Temburong and the reservoirs Binutan 
and Imang. This aimed at enhancing the natural stock and 
also providing benefit to the inland fishing community. The 
stocking rate was about 4/m 2 . Feedback was obtained from 
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reservoir fishermen indicating that they were catching this 
prawn, which was not previously available there. Hence it 
is considered that the enhancement efforts are successful; 
however, there is no record of the level of recovery of the 
stocked prawns. 

The governments of Nepal and Pakistan are reported 
(2008) to be planning to introduce enhancement or culture- 
based fishery activities. 

In the Philippines there was a symbolic stocking of M. 
rosenbergii PL into a small farm reservoir in Luzon in 1998, 
followed by some prawns being captured by rice and fish 
farmers. However, this limited success has not been fol¬ 
lowed up by any significant enhancement programme. The 
species is not perceived to be endangered. There are sev¬ 
eral other freshwater prawn species (e.g. M. lanceifrons, M. 
mammillodactylus, M. equidens and M. idella) that are com¬ 
mercially exploited through capture and are of potential 
value in aquaculture in the Philippines. 

In Sri Lanka, stocking trials of M. rosenbergii PL, along 
with Indian and Chinese carps and genetically improved 
(GIFT) Nile tilapia, were carried out in several reservoirs 
during 2002/03, but the contribution of prawns in the 
catches was negligible. Efforts in the enhancement of prawn 
fisheries were not successful, in spite of the fact that the 
stocked reservoirs are otherwise productive. It is possible 
that the failure was due to non-compatibility of the mix¬ 
ture of stocked species and the large numbers of resident 
carnivorous fish, such as the snakehead. 

17.2 South America 

Information on freshwater prawn farming in Brazil is pro¬ 
vided in section 17.2.1. The other producing countries have 
been grouped in section 17.2.2. 

17.2.1 Brazil 

17.2.1.1 Farming 

M. rosenbergii was introduced into Brazil in the 1970s. Al¬ 
though FAO records show that commercial production be¬ 
gan in 1972, this is inaccurate. Local sources confirm that 
commercial production actually began some 10 or 11 years 
later in 1982/83. Currently available FAO data indicate that 
production of farmed M. rosenbergii in Brazil peaked at 
700t/yr in 1989, 1993 and 1994, but declined to 3411 in 
1995. In the years 1998 to 2007, the production reported to 
FAO ranged from 227 to 450 t/yr (2301 in 2007). Estimates 
are that it remained about 4001 in 2007. Official figures 
may under-estimate the true production, since there were 
possibly thousands of small farms scattered throughout the 
country during the late 1980s and early 1990s. However, 
whatever its exact scale, there has certainly been a consider¬ 


able decline in national production. Most of the small farms 
have disappeared and a large farm in the northeast (> 50 ha) 
stopped activities in 1998. The main production area is in 
Espirito Santo State, in the southeast. Almost all production 
is in freshwater. The normal management system is mono¬ 
culture. Small quantities of freshwater prawns are produced 
in polyculture but there is potential for expansion as fish 
farmers become convinced that the introduction of fresh¬ 
water prawns using suitable management strategies would 
increase profits (Chapter 11). In 2007, it was estimated that 
there were about 450 M. rosenbergii farms in Brazil. Most 
farms are very small (0.5-2.0 ha); about 10 farms are more 
than 5 ha. Again, these estimates are believed to be lower 
than reality. 

The reasons for the decline in production are several. 
While demand from supermarkets is strong, the federal 
Government has ceased all assistance to the freshwater 
prawn (M. rosenbergii ) farming sector and concentrated 
on incentives for marine shrimp ( Litopenaeus vannamei) 
culture. The cessation of production in the more than 50 ha 
farm in the northeast, which was not caused by any difficulty 
in marketing (its 20t/month production was easily sold), 
helped to create a negative investor climate. Unfounded 
rumours were being spread, for example that freshwater 
prawn farming is not profitable, that there is no market, 
and that it is impossible to set up an industry based on 
small farmers, etc. 

By 2008, although excellent technology is available in 
Brazil, the methods for its extension were still unsatisfac¬ 
tory. Many operators continue to use outdated techniques 
and many technicians are also ‘out of date’. Espirito Santo 
State producers are strong and organised but have experi¬ 
enced many problems in PL supply. The result was that some 
farmers abandoned prawns and an established market was 
lost. However, these producers are often cited as examples 
of a profitable industry, even though it was based on small 
farms; by 2000/01 the farmers’ association had built a pro¬ 
cessing plant and its own high-technology closed-system 
hatchery. Whatever the future of M. rosenbergii farming, 
there is a strong interest in the farming of a smaller, but 
locally preferred species, M. amazonicum (Chapter 22). 

Currently (2008), about 75% of M. rosenbergii farms ob¬ 
tain their PL from local hatcheries, while the rest transport 
them from hatcheries in other areas. Aquafarmers prefer 
to buy from large government or commercial hatcheries; 
there is no tradition of backyard hatcheries in Brazil. A 
few farms stock juveniles; amongst these, about half op¬ 
erate their own nursery systems but the rest obtain juve¬ 
niles from specialist nurseries. Most hatcheries obtain their 
broodstock from grow-out ponds and transfer them, af¬ 
ter disinfection, into 100 to 1000 L hatching tanks for 2 to 
4 days, during which they are not fed, so costs are low. 
Broodstock do not command a special price - they cost 
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the same as animals harvested for food. A few hatcheries 
maintain their own captive broodstock but the recirculat¬ 
ing, heated systems necessary are expensive to construct and 
maintain. Broodstock are maintained at 6/m 2 (5 females and 
1 male) and eyestalk ablation is not practised. There are no 
selective breeding programmes. 

Currently (2008), there are five hatcheries in oper¬ 
ation and another is being planned. Total capacity of 
the current three hatcheries, which are located in Sao 
Paulo, Espirito Santo and Rio de Janeiro and Rondonia 
states, is 50 million PL/yr; actual production is estimated 
at 20 million PL/yr. In Espirito Santo, there are currently 
two hatcheries but another is under construction. During 
the stocking season there is a national PL deficit of about 
8 million/yr just before the warm season but supplies are in 
excess from March to July. The hatcheries operate clearwater 
systems and use recirculation systems involving 1 to 10 m 3 
tanks with black or blue interiors. Salinity is kept at 12 p.p.t. 
The typical larval stocking rate from stage I to PL is 100/L 
(a ‘monophase’ strategy). However, some hatcheries oper¬ 
ate a 2-phase system, stocking at 300 to 500/L up to stage 
V-VI, following which the larvae are transferred to final 
rearing tanks and stocked at 100 to 120/L. PL are harvested 
when 80 to 90% of the batch survivors has metamorphosed 
(25-30 days). Initially the larvae are fed with Artemia nau- 
plii at 5 to 10 nauplii/ml but a supplementary egg cus¬ 
tard diet consisting of a mixture of eggs, squid or mussels, 
fish flesh, dried milk, wheat flour, cod liver oil, vitamins 
and minerals is fed from stage VII onwards. In 2008, brine 
shrimp eggs cost about US$ 80/kg in Brazil; the egg custard 
cost US$ 2.50/kg to make. Diseases in hatcheries are not re¬ 
garded as a serious problem but infestations of protozoans 
due to poor intake water treatment and evidence of the mid¬ 
cycle disease sometimes occur. The only chemical used for 
disinfection is formalin. Hatchery survival to PL is typically 
40 to 50%. PL production costs are US$ 5-7/1000 PL and 
the output is sold at US$ 10-35/1000 PL, plus transport, 
depending on the geographical location of the hatchery. 

Depending on local circumstances such as the climate 
and the market, a nursery phase may be carried out in either 
ponds or tanks. Occasionally, net cages within a pond may 
be used as nurseries, stocked at 400 to 600 PL/m 2 , producing 
about 300 to 400 0.5 g juveniles in 60 days. However, the 
normal operation after the PL harvest involves placing new 
PL in indoor 1 to 10 m 3 brick, fibreglass or polyethylene 
tanks with a clearwater recirculation system, provided with 
plastic substrates, for 3 to 5 days. During this time, they 
are fed 38 to 40% protein commercial diets. Two nursery 
systems exist. One typically takes 15 to 30 days in indoor 
tanks; the other 30 to 60 days in ponds. Some farmers use 
both systems sequentially. In the indoor nursery system, the 
stocking rate is 2000 PL/m 2 ; in the earthen pond nursery 
system, it is 100 to 200/m 2 . Animals in the nursery phases 



Fig. 17.6 Freshwater prawn (M. rosenbergii) farm in 
Espirito Santo State, Brazil. (Source: Wagner Valenti. 
Courtesy of Joao Guilherme Centoducatte.) 


are fed 32 to 40% commercial feeds (1.0-2.0 mm pellets in 
phase I and 2.5 mm in phase II) and feed is distributed 4 
to 5 times/day at a total of 10 to 20% BW. Juveniles grow 
to about 0.01 to 0.3 g in phase I and 0.5 to 1.5 g by the 
end of phase II. Nurseries may be operated solely for grow- 
out use within the same farm or sold to other farms. If 
sold they fetch US$ 20-40/1000, depending on size and the 
location. 

In Brazil, freshwater prawn farming is a secondary farm¬ 
ing activity. The system normally used for grow-out is semi- 
intensive monoculture in ponds. Grow-out ponds are typi¬ 
cally rectangular (Fig. 17.6), with an area of 0.05 to 0.20 ha 
but a few are 0.5 ha; stocking rates are 5 to 20 PL/m 2 or 4 to 
18 juveniles/m 2 . Grow-out farms stocking juveniles either 
use those reared in an indoor nursery system; others stock 
pond-reared juveniles. Some farms grow prawns in poly¬ 
culture with tilapia; this is currently a promising activity, 
frequently adopted by tilapia producers. Ponds are stocked 
with 3 to 7 prawns/m 2 and 1 to 3/m 2 of 10 g tilapia ju¬ 
veniles. Rice-prawn integrated culture is also being consid¬ 
ered; some farmers have reported yields of 150 to 500 kg/ha. 

There are no specific commercial feeds for freshwater 
prawns in Brazil. Marine shrimp or tilapia feeds, which are 
28 to 32% protein, are used and their cost is very high (US$ 
700 to 1000/t in 2008). Typically, the FCR is 2.1 to 2.5:1. 
Feed is normally distributed evenly over the pond surface 
but some farmers use feed trays. The feeding rate starts at 
10% BW and declines towards the end of the cycle to 2% 
BW. Farm-made feeds are not used. Before filling, ponds 
are fertilised with about 2000 kg/ha of cattle manure; after 
being filled, 60 kg/ha of triple or simple superphosphate is 
applied. Cattle manure cost US$ 25 to 30/t in 2007 and the 
inorganic fertilisers used were about US$ 200/t. The major 
technical problem throughout Brazilian freshwater prawn 
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Table 17.8 Details of M. carcinus PL stocking in dams and rivers in Ceara State, Brazil in 2006. 


Date 

Number of PL stocked 

Stocking site, county 

Dam capacity (m 3 ) 

25/02/2006 

15 000 

Dam: Pereira de Miranda, Pentecoste 

395 638 000 

25/02/2006 

25 000 

Dam: General Sampaio, General Sampaio 

322 200 000 

16/03/2006 

10 700 

Dam: Frios, Umirim 

33 025 400 

14/03/2006 

20 000 

Dam: Ayres de Souza, Sobral 

104 400 000 

16/03/2006 

10000 

Dam: Frios, Umirim 

33 025 400 

04/04/2006 

85 040 

River: Rio Catu, Aquiraz 


03/05/2006 

100 000 

Lagoon: Lagoa do Cauipe, Pecem 


31/05/2006 

23 200 

River: Rio Ceara, Caucaia 


25/05/2006 

15 000 

Dam: Pereira de Miranda, Pentecoste 

395 638 000 

25/05/2006 

25 000 

Dam: General Sampaio 

322 200 000 

Total stocked 

328 940 




farming is currently (2008) poor PL availability. Some farm¬ 
ers complain about the high costs (and poor quality, espe¬ 
cially in the north) of aquafeed, as well as a lack of technical 
support, difficulties in obtaining low-interest finance and 
permits and marketing problems. In the south, cold water 
temperatures constrain production, while water availabil¬ 
ity is poor in the northeast. In the southeast, land avail¬ 
ability and high labour costs are a factor. No diseases are 
prevalent in grow-out in Brazil but losses are experienced 
through carnivorous fish and birds and dragonfly nymphs 
(Odonata). 

The normal system of harvesting is a combination of se¬ 
lective culling every 15 to 30 days (using a seine net with a 
stretched knot mesh size of 18-25 mm), followed by drain- 
down at the end of the cycle. At harvest, most prawns are 
between 20 and 30 g. Ponds under polyculture are harvested 
only at the end of the production cycle. Most farms are lo¬ 
cated in the southeast and southern regions, mainly in the 
Espirito Santo, Rio de Janeiro, Sao Paulo and Parana states. 
Only in Espirito Santo is freshwater prawn farming a year- 
round activity. The other states (>20°S latitude) have a 
grow-out period of 6 to 8 months (September-April), dur¬ 
ing which temperatures are suitable for prawn production. 
In general, PL indoor production occurs from June to De¬ 
cember and there is either one or two grow-out cycles/yr. 
Pond grow-out is about 7 to 8 months (one cycle/yr) or 5 to 
6 months (2 cycles/yr). In southern states (>20°S latitude), 
total harvest is carried out in late autumn. During down 
time the bottom sediment is removed and the ponds are 
fertilised with manure, and limed when necessary. 

Prawns are sold at the farm-gate or in supermarkets, 
restaurants, hotels and fish stores. There are co-operatives 
that act as wholesale distributors. Marketable prawn pro¬ 
duction costs in 2007 were US$ 4-5/kg and selling prices 
ranged from US$ 7 to 19/kg, depending on prawn size and 
location; most were being sold for US$ 6 to 12/kg of whole 
prawns. At this time there were two processing plants that 


specialise in freshwater prawns.In the south there is also 
some limited door-to-door selling of freshwater prawns. 
All farmed prawns are consumed domestically; there is no 
export trade. There is ample opportunity for the expansion 
of freshwater prawn farming in Brazil, both of M. rosen- 
bergii and the indigenous M. amazonicum (Chapter 22), 
given adequate government support. 

17.2.1.2 Enhancement 

M. rosenbergii is not indigenous, so there is obviously no 
enhancement programme for this species in Brazil. How¬ 
ever, the need for such activities to counteract the declining 
fisheries for M. carcinus, M. amazonicum and M. acanthurus 
is recognised. Two hatcheries have been set up exclusively 
for breeding M. carcinus (Chapter 23), one in Xingo and the 
other in Ceara State, with the objective of enhancing natu¬ 
ral stocks. While PL production is commencing in Xingo, 
328 940 PL were stocked in some rivers in Ceara State. The 
details of stocking during February to May 2006 are given 
in Table 17.8. The success of this stocking is yet to be 
evaluated. 

17.2.2 Other South American countries 
17.2.2.1 Farming 

The FAO first recorded production in Argentina in 1992. 
National production reached a peak of 221 in 1997 but 
none has been officially reported since then, although it 
seems that it may have continued until 2000. The pioneer 
was a paddy and rice milling company in the northeast¬ 
ern part of the country (Santa Ana, Corrientes), which also 
processed and marketed indigenous finfish. This company 
imported technology and technicians from Brazil. It had an 
integral 700 m 2 prawn hatchery, a 2 t/hr aquafeed mill, and 
its own processing plant, as well as nursery and grow-out 
ponds. Prawns were monocultured in ponds supplied from 
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the Parana River and by well water. The area where the farm 
existed had 7 to 8 months when temperatures were suitable 
for grow-out. Despite the high costs of land, labour and 
credit, and the fact that aquaculture and fish consumption 
have little tradition in Argentina, expectations for future ex¬ 
pansion. However, these hopes have not materialised. The 
Santa Ana farm in Argentina had 30 to 40 ha of ponds. A se¬ 
lective breeding programme commenced in 1995. The farm 
used covered broodstock ponds containing 10 000 adults of 
both sexes, which were fed a special diet and received con¬ 
tinuous water recirculation and aeration. Berried females 
were seined to supply the hatchery. This had a capacity 
of 36 million PL/yr and was producing 3 million PL/month 
in mid-1999, partly to stock its own farm and partly to 
supply another new but smaller farm (2-3 ha). A Clearwa¬ 
ter, recirculation system was employed for this phase and 
the tanks were stocked at 80 to 100 larvae/L. Each cycle 
took approximately 35 days. The hatchery (and the grow- 
out facilities) was about 1500 km inland. PL were sold at 
US$ 15/1000 and 0.02 to 0.03 g juveniles at US$ 30/1000 
in the late 1990s. In September, after metamorphosis, PL 
were stocked in a plastic-roofed area with 24 rectangular 
25 m 3 concrete tanks. Here they remained until day 8 to 
10, when they were transferred to nursery ponds or sold. 
The 300 m 3 nursery ponds were stocked at 10 to 15/m 2 ; 
this stage lasted about 50 to 60 days (October/November). 
The 0.5 ha grow-out ponds were rectangular (25 C 200 m) 
and were stocked in December at 7/m 2 (5-10/m 2 ). Both 
organic (cow dung) and inorganic (diammonium phos¬ 
phate) fertilisers were used. The farm-made feed achieved 
an FCR of 2.2:1. The prawns were cull-harvested once and 
the ponds were drained in May or June, depending on the 
water temperature. Prawns were all sold domestically, be¬ 
ing destined for retail markets in Buenos Aires, using the 
farm’s own trade mark. During the 5 months ‘down-time’ 
the ponds were kept dry and were not chemically treated. 
They were tilled 2 to 3 weeks before re-filling. No grow-out 
diseases were experienced in the farm’s 10 years of cultivat¬ 
ing this species. The major problem was the length of the 
‘down-time’. Occasionally, in the summer when biomass is 
high, oxygen depletion sometimes occurred before a storm. 
No information about the second farm (near Formosa) is 
available, except that it stocked 250 000 PL in 1998. Unfor¬ 
tunately, although the freshwater prawn farming enterprise 
was successful, significant flooding in 1999 and 2001 de¬ 
stroyed the company’s rice crops and Argentina was accused 
of dumping by the USA. The enterprise was then sold for 
development and the facilities are no longer being used for 
farming Thus freshwater prawns are not being reared in 
Argentina and there were no plans (in 2007) to re-start this 
activity. However, interest in the culture of whiteleg shrimp 
(Litopenaeus vannamei) in freshwater was reported. Cur¬ 
rently, there are some commercial farms of red claw cray¬ 


fish ( Cherax quadricarinatus) and a research programme 
conducted at Buenos Aires University. 

A possible freshwater prawn venture using geothermal 
farming technology is being explored in Chile by a group 
from New Zealand (see section 17.7.2). 

Interest in Macrobrachium culture was strong in 
Colombia in the 1970s and 1980s, originally in local species 
(M. acanthurus and M. carcinus) but later in the intro¬ 
duced species, M. rosenbergii. In 1992 it was reported that 
there were two projects, a number of small farms and four 
hatcheries producing M. rosenbergii PL. Annual production 
expanded to a peak of 601 in 1989 and 1990 but declined 
to lOt by 1993 and 1994, because many farmers converted 
to red tilapia farming. According to information gathered 
by New (2000) there was no commercial farming in 1999 
and none was anticipated in the near future. From 1995 
onwards no production has been reported to the FAO from 
this country. For now, Colombian freshwater prawn farm¬ 
ing appears to have been vanquished by tilapia farming. 
However, between 2004 and 2008, Colombian technicians 
have been trained in Brazil and there is an interest in poly¬ 
culture projects. 

The status of freshwater prawn farming in Ecuador is 
very confused. Some observers reported that no commer¬ 
cial success had occurred by 1992, while others cited about 
400 ha of ponds in production by 1989. Reporting first pro¬ 
duction in 1973 (81), the FAO consistently reported that 
Ecuador produced more freshwater prawns than any other 
country in the western hemisphere, averaging 742 t/yr in 
the decade 1983 to 1992, peaking at 8701 in 1991. However, 
from 1993 onwards, no production of freshwater prawns 
from Ecuador has been reported to the FAO at all. In ad¬ 
dition, aquaculture statistical returns do not appear to be 
submitted to the FAO regularly. Only production of Nile 
tilapia and the marine shrimp Litopenaeus vannamei were 
recorded (as FAO internal estimates) between 2003 and 
2006. In the absence of any other information, it appears 
that there is currently (2008) no freshwater prawn farming 
in Ecuador. 

The problems experienced by freshwater prawn farmers 
in French Guiana have been described in Chapter 19. FAO 
statistics show peak production between 83 and 89 t/yr in 
1989 to 1991, but none from 1992 to 1996. Activities then 
re-started and the FAO reported a production that rose 
to 25 t/yr in 1999 to 2001. Farms appeared again in the 
Cayenne area in 1995 and there was (in 1999) one between 
2.0 and 4.9 ha and another which is larger than 5 ha. The 
other two were between 0.4 and 1.0 ha. Production was 
integrated with livestock and crop production. According 
to local information in 1999, annual production was not 
expected to expand beyond about 20 t/yr because of lim¬ 
ited market opportunities, due to high production costs 
and competition from Asian suppliers of frozen prawns. 
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This has proved true; production between 2003 and 2006 
was only 5 t/yr. In 1999, one farm was selling its products 
either in frozen form in metropolitan France, or chilled 
in the French Antilles. It also sold some prawns to prawn 
farms in Martinique and Guadeloupe, which used them to 
supplement their own production. PL were obtained partly 
from a single local hatchery and partly from Martinique. 
Prices for PL were 50% less in 1999 than in the late 1980s. 
Ponds were 0.5 ha and rectangular. The commercial feed 
cost about US$ 920/t. Ponds were normally operated for 
2 years, followed by draining, and drying and liming for 
1 month. Water quality poses a problem during the dry 
season and predation in grow-out ponds by birds, snakes 
and caimans occurred. Selective cull-harvesting was used, 
until the ponds were finally drained. Some of the harvested 
prawns were sold at the farm-gate (5%), while about 15% 
went to restaurants and local retail markets. About 40% 
were sold to wholesalers. In total, about 80% of the national 
output in 1999 was not consumed domestically, being ex¬ 
ported to France (including Martinique and Guadeloupe) 
and Belgium. 

Some freshwater prawn farming activity in Guyana is 
indicated in FAO statistical records but no details about 
this are available; production is negligible. Some research 
work on M. rosenbergii culture is being carried out at the 
Mon Repos Aquaculture Station, which began operations 
in 2001. 

Trials of freshwater prawn farming ( Macrobrachium spp.) 
occurred in Paraguay in 1991, but were suspended due to 
lack of financing. However, after simply recording some ac¬ 
tivity up to 2003, FAO statistics show estimates of M. rosen¬ 
bergii production being 24 t/yr in 2004 and 2005, and 201 in 
2006 and 2007. There is now only one farm, which is in the 
neighbourhood of Asuncion, which was built in 2002/03 
using technology and broodstock imported from Brazil. It 
has been in operation since 2003 with its own hatchery em¬ 
ploying a recirculating system using artificial brackishwa- 
ter; it has indoor and outdoor nurseries and well conceived 
rectangular ponds. 

Despite the quite large outputs of farmed freshwater 
prawns reported to the FAO by Peru for 1994 (2121) and 
1995 (1001), production markedly declined to a low of 61 
in 2001. Since then there has been a small increase, pro¬ 
duction reaching 181 in 2005 but declining again to 41 in 
2007. The main area of cultivation is in the northeast of the 
country. Fourteen farms existed in 1999. Only 2 were larger 
than 5 ha, while there were 4 from 0.4 and 0.9 ha, and 8 that 
were between 1.0 and 4.9 ha. Three hatcheries, all owned by 
grow-out farms and all inland, were reported in 1999. Their 
average output was 2 to 3 million PL/yr. Broodstock are ob¬ 
tained from grow-out facilities and the hatcheries operate 
clearwater, recirculation systems stocked at 60 to 90 lar- 
vae/L. The prices for PL have been markedly reduced over 


the past 10 years from US$ 50/1000 to 14/1000 in 1999. 
Nursery ponds are generally stocked at 150 PL/m 2 , while 
grow-out ponds are stocked with juveniles at 5 to 7/m 2 . 
Grow-out ponds are typically 0.2 to 0.45 ha and rectangular. 
Some farms make their own pelleted feeds while others buy 
a Peruvian marine shrimp feed costing US$ 640/t, which 
achieves an FCR of 1.7:1. Some farms combine bought-in 
with farm-made feeds. Fertilisers are not commonly used. 
The problems experienced are common to all farms: oxy¬ 
gen depletion and seasonal shortages of water. Most farms 
practise batch harvesting but one is reported to operate a 
continuous culling system. The mean ‘down-time’ between 
crops is 2 weeks. The harvested prawns are partly sold at 
the farm-gate and partly to retail markets in other parts of 
the country. None is exported. 

Early interest in freshwater prawn farming was expressed 
in Suriname but production remained below 1 t/yr in the 
period 1984 to 2002; no production has been reported to 
the FAO since then. 

Pilot-scale culture occurred in Uruguay in 1984 and 
again in 1989, but no commercial production was reported 
to the FAO and activities have ceased. 

The FAO first reported a small output of farmed giant 
river prawns in Venezuela in 1987 to 1989. The sole farm at 
that time supplied a few restaurants but found the species 
difficult to market. In 1991, three companies were said to 
be producing M. rosenbergii, one of which produced 201 
in 1990. However, freshwater prawn farming in Venezuela 
appears to have had a chequered history. The destruction of 
several introduced broodstock of M. rosenbergii, because of 
import violations in 1991, provoked an immediate flight 
of investors. FAO statistics indicate that farmed produc¬ 
tion of freshwater prawns in Venezuela varied between 22 
and 31 t/yr between 1990 and 1997, with the exception of 
1994 (131). Despite this, in 1999 one correspondent stated 
that there was currently no farming of M. rosenbergii in 
the country. However, at that time, one company that had 
abandoned production after 1989 reported a revival in in¬ 
terest and was reported to be rearing a 50 000 batch to try 
out a new marketing approach in 1999 and it was hoped 
that farming would take off again in the early 2000s, due 
to the application of processing technology and improved 
marketing programmes. Despite this, no production has 
been reported to the FAO from this country after 1997; it 
seems that this species is no longer farmed there. 


17.2.2.2 Enhancement 

M. rosenbergii is not indigenous in this area. No culture- 
based fisheries of this species or enhancement activities 
involving any other freshwater prawn species have been 
reported in any other South American country. 
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17.3 Central America and the Caribbean 

17.3.1 Central America 

17.3.1.1 Farming 

Giant river prawns were introduced into Costa Rica in 
1979 from Hawaii and Florida. In 2007 there was only one 
commercial-scale freshwater prawn farm, in the northwest 
province of Guanacaste near Playas del Coco, which had a 
total area of 76 ha with a total pond area of 10 ha at that 
time. Previously there were a few other small farms. Total 
farmed freshwater prawn production in Costa Rica was re¬ 
ported to be 78 to 90 t/yr from 1996 to 1999, but it is likely 
that the FAO data for that period was over-estimated. After 
1999, it ranged between a maximum of 101 in 2001 to a 
minimum of 41 in 2006 and 2007, a more accurate indica¬ 
tion of current activity. According to its owner, the existing 
commercial farm had a production of 101 in each of 2005 
and 2006 and output for 2007 was estimated at 121. 

Despite a slightly increasing output over the past five 
years, the sole commercial-scale farm predicts that pro¬ 
duction will decrease unless new techniques (a number, 
including the possibility of all-male culture, are being in¬ 
vestigated) make production economically profitable. The 
farm operates its own hatchery, some 16 km inland from the 
Pacific Ocean, which has a capacity of 6 million PL/yr and 
was producing 2 million PL/yr in 2007, obtains its brood- 
stock from its grow-out facilities and stocks larvae at 100/L 
in a clearwater recirculation system, typically achieving 40% 
survival. PL are available at US$ 100/1000, about the same as 
10 years ago. Nursery ponds are stocked at (two sizes: 0.125 
and 0.25 ha) at 400/m 2 and juveniles reared for 3 months. 
The grow-out ponds are 1 to 2 ha and are continuously op¬ 
erated year-round but then dried, disked and compacted 
after 2 years, or more frequently if necessary. Grow-out 
ponds are normally stocked with juveniles at 10/m 2 but, in 
order to conserve water, are sometimes stocked at 30/m 2 
and used as second stage nurseries, the animals being used 
for transfer to other ponds as larger animals are culled out. 
Ponds are fertilised with 20 kg of triple superphosphate/ha 
and operated in monoculture. Horse-feed (protein content 
~18%) is used for grow-out and achieves an FCR of about 
6:1. Urea is used to promote an algal bloom. The only major 
problems reported were the high cost feed, land and water, 
which is not always available from the farm’s own deep wells. 
Ponds are harvested on a continuous culling management 
system and the prawns are all sold domestically, mainly at 
the farm-gate (33%) and to a distributor (50%). The rest 
are sold to local restaurants. Prices in 2007 typically ranged 
from US$ 10 to 14/kg, head-on. The market is strong for 
this farm at its current capacity; further details about the 
marketing strategies employed by this farm are contained 
in Chapter 19. However, the major thrust of this farm is the 


production of catfish. Under present circumstances (2008), 
it is not expected that freshwater prawn farming in Costa 
Rica will expand further. But the existing farm continues to 
offer biannual seminars to train farmers in the cultivation 
of freshwater prawns (and catfish). 

M. rosenbergii has been commercially farmed in El Sal¬ 
vador since about 1988. Farms in 1992 were reported to 
be small (none >5 ha), purchasing their PL from Puerto 
Rico, Guadeloupe or Costa Rica. Up to 600 ha of suitable 
land was said to be available for freshwater prawn farming. 
FAO data show that national production was first recorded 
in 1987 and rose gradually from 11 in 1989 to 211 in 1996. 
However, production declined again and did not exceed 

9 t/yr between 2000 and 2007. Despite this, there is a re¬ 
port that this country is supplying freshwater prawn PL to 
Guatemala. 

M. rosenbergii was introduced into Guatemala in 1980 
from El Salvador. According to the FAO, production ranged 
from 4 to 12 t/yr in the years 1985 to 1991. Between 1992 and 
1999 annual production was very erratic but reached a peak 
of 991 in 1995. FAO statistical records indicate that 461 was 
produced in 2000 and an estimated 301 in 2001 and show 
an estimated production of 8 t/yr from 2002 to 2005. None 
is recorded for 2006 and 2007. However, a correspondent 
stated that production was down to 21 in 1999 and found no 
local record of any production between 2000 and 2005; pro¬ 
duction in 2006 was stated to be 71 and the estimate for 2007 
was 5t. The FAO also reported small quantities (2-10 t/yr 
between 1994 and 1998) of farmed ‘freshwater prawns and 
shrimps not elsewhere included (Palaemonidae)’; perhaps 
these were the indigenous species M. americanum and M. 
carcinus. Broodstock M. rosenbergii females are obtained 
‘free’ from grow-out ponds in exchange for PL. At present 
(2007), there is no hatchery in operation, although a small 
coastal hatchery is under construction, with a projected 
output of 4 000 000 PL/yr. In an earlier Guatemalan hatch¬ 
ery in the late 1990s, a flow-through clearwater system was 
used and PL were sold at US$ 26/1000. Average larval sur¬ 
vival to PL was 40% and feeding included Artemia nauplii, 
an egg custard (containing milk, egg, tuna flesh and miner¬ 
als). Some protozoan infestations in the hatchery occurred 
and were treated with tetracycline; despite this, survival was 
typically 40%. Currently (2007), the source of all PL is El Sal¬ 
vador. Grow-out may be monoculture or polyculture with 
tilapia ( Oreochromis niloticus). There are 30 artisanal farms 
ranging from 0.005 to 0.70 ha, with pond sizes of 50 m 2 to 
0.5 ha. Ponds are limed before use and stocked with 5 to 

10 PL/m 2 for monoculture or 5 PL/m 2 together with 5/m 2 
under polyculture. Ponds are fertilised with about 900 kg/ha 
of chicken manure (US$ 128/t) and fed 25 to 32% protein 
tilapia feed (US$ 815/t) 3 times per day, achieving an FCR 
of 1.5 to 2.0:1. Bird predation occurs. Cull-harvesting oc¬ 
curs monthly after 6 months of rearing and the total cycle 
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lasts for 8 to 10 months after which the whole pond is har¬ 
vested. Production ranges from 900 to 1800 kg/ha and the 
preferred average harvesting size is 45 to 57 g. The mar¬ 
ket is domestic only and prawns are sold at the farm-gate 
or local markets, or to restaurants and hotels. The typi¬ 
cal farm-gate sale prices are US$ 5.20 to 10.00/kg. Prawn 
production costs in Guatemala are reported to be high, PL 
are not readily available, and there is no government de¬ 
velopment programme for M. rosenhergii farming (2007). 
Despite this, a modest expansion in artisanal farming is 
anticipated. 

Production of farmed freshwater prawns in Honduras 
was first reported by the FAO in 1977 and increased to a 
maximum of27tinl984. However, between 1989 and 2007, 
only minimal production (<0.5 t/yr) has been recorded 
by the FAO. Correspondence confirms that there was no 
longer any freshwater prawn farming activity in this country 
in 2007, where the emphasis was on tilapia and marine 
shrimp farming. In the light of developments in the 1970s, 
it is strange that it has recently (2008) been claimed that 
‘although the majority of shrimp raised in Honduras is 
traditional saltwater shrimp, experiments are underway to 
develop freshwater prawns’. It seems that history truly does 
repeat itself. 

M. rosenhergii was introduced by a private company into 
Panama from Hawaii in 1969 and again by a government 
mission from Taiwan in 1982. Commercial production was 
first reported by the FAO in 1983 (41) and rose to a peak of 
16tinl986. Between 1998 and 2005, only minimal produc¬ 
tion activity was recorded by the FAO. Clearly the original 
venture(s) that reared this species in Panama in the 1980s 
and early 1990s ceased their activities but we have not been 
able to discern why that happened. However, some small- 
scale activities have re-commenced and local information 
received indicates that output ranged from 0.2 to 1.6 t/yr 
between 2000 and 2006; the estimated output for 2007 was 
1.51. The FAO reported a production of 11 for 2006 and 
2007. Currently there is no specific hatchery for freshwater 
prawns but a government mariculture station on the Pacific 
coast has been producing some PL, average demand over 
the past 5 years being only about 32 000 PL/yr. The proce¬ 
dure in this hatchery facility involves a clearwater 50%/day 
replacement system, stocks at 50 larvae/L, feeds Artemia 
nauplii, flan (egg custard) and a supplementary diet, and 
encounters vibrio problems. Problems with ciliates ( Vor- 
ticella spp.) are reported and bacterial infections are con¬ 
trolled with oxytetracycline and neomycin. This hatchery 
achieves 40 to 50% survival and sells PL at US$ 18/1000. PL 
are stocked into nursery tanks at 1000 PL/m 2 to produce 
average 4.5 g juveniles in 30 to 45 days, either for use in the 
same farm or for sale at US$ 20-30/1000. There were about 
20 producers in 2007, with farm areas less than 1 ha, rearing 
freshwater prawns in Panama. Both monoculture and poly¬ 


culture with herbivorous carp (silver carp or grass carp). 
Ponds averaging 500 m 2 are prepared by drying of 3 days, 
liming, and organic and inorganic fertilisation. Grow-out 
monoculture ponds are either stocked with PL at an aver¬ 
age of 75 000/ha or with juveniles at 50 000/ha or 80 000/ha, 
for semi-intensive and intensive rearing, respectively. Poly¬ 
culture ponds are stocked with prawns at 5/m 2 and carps 
at l/25m 2 . Ponds receive organic and inorganic fertilisers 
and commercial feeds (US$ 640/t) and are applied at rates 
starting at 20% BW/day and declining to 3% BW/day when 
prawns weigh more than 20 g and achieving an FCR of 
1.5:1. Several disease problems and dragonfly predation on 
PL have been encountered and losses from time to time have 
been substantial (30-100%) Seine culling of large animals 
starts 120 to 150 days after stocking and the ponds are totally 
drain-harvested at the end of a 6 to 9 month growing cycle; 
cultivation is feasible at all seasons of the year. The pre¬ 
ferred harvest prawn size is 45 to 75 g. Prawns are destined 
for domestic consumption and are sold at the farm-gate 
at US$ 11/kg. However, it is interesting to note that some 
prawns have been exported for research purposes, notably 
to Honduras and El Salvador (see earlier in this section) 
and Nicaragua, and Cuba (see section 17.3.2), which in¬ 
dicates a continuing interest in the future development of 
freshwater prawn farming in those countries. A range of 
typical technical and other constraints exist in Panama but 
the expansion of freshwater prawn farming is thought to be 
feasible if these can be overcome. 

17.3.1.2 Enhancement 

M. rosenhergii is not indigenous in this area. No culture- 
based fisheries of this species or enhancement activities 
involving any other freshwater prawn species have been 
reported in any Central American country. 

17.3.2 Caribbean 
17.3.2.1 Farming 

While Cuba does not report the production of M. rosen- 
bergii specifically, it has in the past reported a significant 
output of farmed ‘freshwater prawns and shrimps not else¬ 
where included (Palaemonidae)’ to the FAO. This may in¬ 
clude M. rosenhergii, as well as other Macrobrachium spp. 
National production averaged 1130 t/yr between 1989 and 
1996, and was about 20001 in 1997 and 1998. During the 
production of this book, several attempts were made to 
clarify this situation but, unfortunately, without success. 

A feasibility study on prawn farming in the small moun¬ 
tainous island of Dominica was conducted in 1977. Fresh¬ 
water supplies are abundant and potential was evident but 
limited by the few areas of valley land, and from competition 
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for resources from agriculture. Despite this, M. rosenbergii 
was introduced in 1984, a small hatchery opened in 1986, 
and production has continued. The FAO reported an annual 
production of 1 to 41/ in the years 1992 to 1999. Similar lev¬ 
els of estimated production were listed from 2000 to 2004, 
but none was recorded for 2005 to 2007. 

Up to 1991 at least, shrimp farmers in the Dominican 
Republic concentrated on freshwater prawns. By 1990, 
there were 35 freshwater prawn farms and it became the 
leading producer of M. rosenbergii in Latin America. Ac¬ 
cording to the FAO, production rose to a peak of 961 in 
1994 but declined to less than a tenth of that in 1995. Be¬ 
tween 2000 and 2003, production ranged between 62 and 
82 t/yr but there are signs of increasing production since 
then (llOt in 2005 and an estimate of the same level in 
2006 and 2007). Currently, the main production areas are 
Bayagunna, Monte Plata (northeast of Santo Domingo), 
Bani (west of Santo Domingo) and Cabrera and Copellito 
(in the northeast of the country). Some farms are 2 to 5 ha 
but most are larger. Two farms (5.5 and 12 ha) have been 
producing continuously since before 1995; others ceased 
operations, mostly for financial reasons, about 2 years after 
commencement. Two large farms (15 and 50 ha) were re¬ 
ported to be switching production from freshwater prawns 
to tilapia farming in 1999. In 1999 there were 3 inland 
hatcheries, mostly owned by grow-out farms and typically 
producing 4 million PL/yr. Stocking rates are 50 to 100/L 
and hatcheries exchange 100% of water/day in a Clearwa¬ 
ter system. Broodstock are obtained from grow-out ponds 
and PL are sold at US$ 12.50/1000. Grow-out ponds are 
stocked initially at 80/m 2 for 2 months and then at 6.5/m 2 
for 4.5 months. Most ponds are 0.2 to 0.7 ha and rectangu¬ 
lar in shape. A few farms operate a continuous system but 
most operate a batch culture system, with a 2-week down¬ 
time between cycles. Some culling takes place before the 
final drain harvest. Locally manufactured feed (US$ 225/t) 
achieves an FCR of 2.5 to 3:1. Poultry manure and inorganic 
fertilisers are used in moderation. The major problem re¬ 
ported is water availability, because of high pumping costs. 
Most of the harvested prawns go to restaurants and hotels 
and a little to wholesalers. There is no export trade in this 
commodity. 

The farming of freshwater prawns in Guadeloupe has 
similarities to that in Martinique (see below). M. rosen¬ 
bergii was introduced in 1977. FAO statistics show that 
national production, ranging from 35 to 44 t/yr between 
1986 and 1993, declined to 201 in 1997. In 1999 there were 
11 farms, 2 of them on ‘stand-by’. All operational farms had 
a surface area of less than 5 ha. In 1977, when prawn farm¬ 
ing commenced, there were expectations that national pro¬ 
duction might reach 200 t/yr by the late 1980s. This never 
materialised because of lack of experience in aquaculture, 
extremely high investment costs, and competition for re¬ 


sources with sugar cane or banana production and with 
tourism. High selling prices (>US$ 18/kg) are required to 
make farming profitable. Frozen prawn imports from Thai¬ 
land, 301 in 1992, had stabilised between 1997 and 1999, at 
around 200 t/yr; the supermarket price in 1999 was US$8 
to 10/kg; in 2006 imports were about 4001 and supermar¬ 
ket prices were US$ 10/kg. In 1999 it was forecast that local 
farmed production might return to about 40 t/yr, through 
marketing strategies which emphasised first-class fresh or 
live prawns and good hygienic practices, together with an 
appeal to ‘eat local products’. In fact, reported production 
varied between 14 and 21 t/yr from 1998 to 2002 but rose to 
271 in 2003 and 331 in 2007. The sole hatchery has a capac¬ 
ity of 20 million PL/yr (but produced only 1.5 million PL 
in 2006), stocks 90 larvae/L in a clearwater closed recircu¬ 
lation system on a coastal site, and obtains its broodstock 
from grow-out ponds in various farms. Twenty-five per¬ 
cent of its output was exported to Martinique in 2006. 
PL were sold for US$25 to 30/1000 in 1999, down from 
US$30 to 35/1000 in 1989. Hatchery virus problems had 
been experienced in summer months during the 5 years up 
to 1999. All grow-out occurred in monoculture ponds, typ¬ 
ically rectangular and 0.15 ha, which were usually stocked 
at 12 PL/m 2 /yr in those that operated a continuous rearing 
system. Very few farms included nursery rearing. Fertilisa¬ 
tion, usually with poultry manure, was sometimes used in 
the past; now (2008) it is prohibited because of local con¬ 
sumer resistance. Local feeds (chicken and pig feeds) are 
generally used by farmers now, who prefer their lower cost 
(US$ 650/t) to the use of imported aquafeeds (US$ 1200/t). 
Since the ‘mad cow disease’ scare, fish feeds and terrestrial 
animal feeds cannot be manufactured in the same premises. 
FCRs of 5 to 8:1 and 3.5 to 6:1 were achieved for the local 
and imported feeds, respectively. Prawn farming is nor¬ 
mally a secondary activity to banana or vegetable produc¬ 
tion, and tourism, and management is not always tech¬ 
nologically advanced. In 2006 there were 10 farms, which 
produced 151 of freshwater prawns but had capacity to pro¬ 
duce 25 t/yr. Water availability during the dry season is also 
sometimes a problem. Selective harvesting occurs every 2 
to 3 weeks, starting 8 months after stocking. Those ponds 
which are not operated continuously have a final drain- 
down some 15 to 16 months after stocking. At least 50% of 
the harvest is sold at the farm-gate, while most of the rest 
goes to hotels and restaurants, with a small amount sold 
in supermarkets. None is exported, for similar reasons to 
Martinique. 

FAO statistics show that production of farmed freshwa¬ 
ter prawns in Jamaica was first reported in 1984, annual 
output expanding to an estimate of 401 in each of the years 
from 1995 to 1999. However, local estimates of production 
from the one farm that existed in 1999 were much lower - 
31 in 1994, rising to 91 in 1997 and 171 in 1998, and 111 in 



Commercial Freshwater Prawn Farming and Enhancement around the World 


383 


the first half of 1999. The reasons for this discrepancy are 
not known. At first it was conjectured that capture fisheries 
production of other Macrobrachium spp. might have been 
included in the official aquaculture returns. However, this is 
not so - the fishery (mainly for Macrobrachium carcinus and 
Atya spp.) is small and artisanal. Only one business was in 
operation in 1999, which reared prawns in polyculture with 
tilapia on two sites, both more than 5 ha in size. This com¬ 
pany estimated that production, supplying a limited local 
demand, would peak at 50 t/yr before margins would be re¬ 
duced. There was one inland hatchery, which was owned by 
the same business, with a capacity of900 000 PL/month and 
a 1999 production level of 500 000 PL/month. The internal 
PL cost was US$ 15/1000 in 1999. Juveniles (0.01 g) were 
also produced in hatchery tanks. Broodstock were obtained 
from the farm’s own ponds and larvae were stocked at 56 
to 67/L into a clearwater recirculation system. Management 
of this system had posed problems; an additional difficulty 
was the limited availability of Artemia cysts. Rectangular 
grow-out ponds of 0.20 to 0.83 ha were stocked at 1.2 to 
3.6/m 2 in polyculture with tilapia, which was the primary 
crop; the company was expected to produce 32001 of tilapia 
in 1999. Prawn survival was said to be low but the emphasis 
had previously been on tilapia. The fish were given a sinking 
feed made in the company’s large feed mill (it was primar¬ 
ily a broiler producer) and an imported floating feed was 
also provided; no special feeds were given to the prawns, 
which were therefore regarded as a highly profitable ‘bonus’ 
crop. There was no fertilisation. The only reported grow- 
out problem was anoxia. The prawns were harvested at the 
end of the cycle, followed by a down-time of 14 days during 
which the ponds were sun-dried with occasional liming. 
Some 80% of the harvest was sold to small-scale whole¬ 
salers who used pick-up trucks or motorcycles. The rest 
went to retailers who sold it to hotels and restaurants. None 
was exported. This farm was in production in 2000 but a 
few other small farms were also recorded, all polyculturing 
freshwater prawns with tilapia (the major crop). Macro¬ 
brachium was reported to be tending to replace marine 
shrimp in Jamaican hotels and restaurants at that time. It is 
not known if these were farmed or wild, indigenous species. 
The FAO has not recorded any farmed freshwater produc¬ 
tion in Jamaica since 2000 (101) and 2001 (estimated 101). 
However, after several years in which freshwater prawns 
were not reared, the major tilapia farm described above re¬ 
activated its Macrobrachium hatchery in 2007 and stocked 
juveniles at 5 to 6/m 2 in ponds in polyculture with tilapia 
in 2008. A 28% protein pelleted commercial tilapia feed 
was fed at a slightly higher rate than would be used for 
tilapia alone. Prawn juveniles were stocked 10 to 14 days 
ahead of the tilapia, which will have a 150-day growing cy¬ 
cle. A 7 to 10 day down-time between crops is planned. 
This company still had no plans to export, although the 



Fig. 17.7 Family-scale freshwater prawn (M. rosen- 
bergii) farm in Martinique (Reproduced with permission 
of Denis Lacroix.) 


local market was limited due to the dominance of ma¬ 
rine shrimp caused by the local and foreign investment in 
two marine shrimp farms in Jamaica that had occurred 
since 1999. 

In 1999 there were a total of 26 farms in Martinique 
(Fig. 17.7), where M. rosenbergii was introduced in 1977. 
Seven were smaller than 1 ha, two between 1 and 2 ha, 
and one between 2 and 5 ha, while the largest farm was 
10.5 ha (since then this farm has ceased the production of 
freshwater prawns, due to mud accumulation and pesticide 
contamination). All farms operated monoculture systems 
in freshwater. Farms were located all over the island, but 
mainly in the north. National production had declined, 
from a peak of 571 in 1989 to 381 in 1992, and varied be¬ 
tween 35 and 441 in the years 1993 to 1997. The decline to 
251 in 1998 was attributed to an unsuitable management 
system (continuous culling), the failure of a professional 
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organisation, and vims problems in the hatcheries. It 
was hoped that a new production system (‘batch’, or 
‘continuous-batch’), together with a new producers’ asso¬ 
ciation, would soon enable the farmers to achieve a total 
of 50t/yr again. The difficulties to be faced in achieving 
that goal were stated to include limited land availability 
(competition with agriculture, industry and tourism). In 
addition, high production costs were said to prevent the 
development of an export market; the domestic market was 
limited (380 000 population and 500 000 tourists/yr). How¬ 
ever, prawn production continued to decline from 1999 
onwards, reaching only lOt/yr in 2004 to 2006; by the 
latter year there were only 10 farms left. In 1999, farm¬ 
ers were obtaining their PL from two hatcheries, one in 
Martinique and one in the neighbouring French Overseas 
Department of Guadeloupe. The local hatchery obtained 
its broodstock from its own ponds and from commercial 
farms, and had a capacity of 4 million PL/yr (actual pro¬ 
duction ~3 million PL/yr). The hatchery was 3.5 km inland 
and stocked larvae at 80 to 100/L into a clearwater recir¬ 
culation system. However, PL production in Martinique 
had ceased by 2003 and now (2008) all PL are imported 
from neighbouring Guadeloupe. Only one farm uses a nurs¬ 
ery system, stocking PL at 45 to 50/m 2 and then stocking 
juveniles at 9/m 2 into grow-out ponds managed under a 
batch harvesting system. This farm drains each pond ev¬ 
ery 8 months, keeping it dry for 1 to 2 weeks between 
cycles. The pond is washed to remove mud, limed with 
calcium carbonate (2t/ha) and fertilised with dry chicken 
manure (0.2 t/ha). During re-filling with water, an inocu¬ 
lum of greenwater is provided from another grow-out pond. 
All other farms operate a continuous system, initially stock¬ 
ing PL into their grow-out ponds at 12 to 15/m 2 and se¬ 
lectively harvesting them, with a drain-down every 5 to 
10 years. 

Grow-out farms in Martinique paid US$ 40/1000 for 
their PL in 1999, down from US$ 50/1000 in the mid- 1990s. 
Ponds vary in size, according to the local topography, but 
average about 0.1 ha. No farm-made feeds are used. The 
available commercial feed costs US$ 560/t and achieves 
an FCR of 4-6:1. On average, farms sold 50% of their 
output to restaurants and hotels (at US$ 19-20/kg), 40% 
at the farm-gate (US$ 20-22/kg) and 10% to wholesalers 
(US$ 19-20/kg). The market, for the reasons mentioned 
above, is totally domestic. A major marketing factor over the 
3 to 4 years up to 1999 was the large increase in the import 
of frozen freshwater prawns (100-150 t/yr) from Thailand 
and Vietnam at lower prices (US$ 12-16/kg) than locally 
produced farmed prawns. Farmers now had to develop spe¬ 
cial marketing strategies to emphasise the quality of their 
product. Up until 1999, the main market was for animals 
which weigh more than 40 g each. A number of technical 
problems were also identified in Martinique. These include 


a hatchery virus problem (with unknown effects on grow- 
out performance), the accumulation of mud because of 
the use of continuous management systems, the transfer of 
pesticides from adjacent banana plantations, and the lack 
of a professional society and technical support. Although 
fairly confident in 1999 that it could solve these problems 
and increase national production to its earlier peak, pro¬ 
duction statistics indicate that this failed to occur. Now, only 
40% of the former farms were operating in 2006, although 
artisanal production continues to exist in farms averaging 
less than 3 ha, with a productivity of approximately 1.2 t/yr. 
The product is sold entirely domestically, fresh or frozen. 
In 2007 the persistent organic pesticide chlordecone was 
reported to have been detected, not only in agricultural 
soils and products, but also in farmed M. rosenbergii in 
this departement. This finding implies that sales may be 
severely impacted and does not bode well for the future of 
freshwater prawn farming in Martinique. 

Giant river prawns were introduced into Puerto Rico 
from Hawaii in 1975. FAO data show that commercial pro¬ 
duction was first reported in 1987 (971) and remained at 
76 to 199 t/yr between 1988 and 1994. Annual production 
varied from less than 1 to 201 between 1995 and 2002 then, 
curiously, outputs of 1041 in 2003 and 401 in 2004 were 
reported. FAO data show production as 201 in 2005 and 
101 in 2007. Local correspondents indicate that the data 
for 2003 to 2005 must have been incorrect. After the clo¬ 
sure of the major commercial farm in Sabana Grande in 
1983 (at its peak this farm produced and average of 130 t/yr 
from ~49ha), the only source of PL for other farms was 
an inland hatchery operated by the University of Puerto 
Rico between 1983 and 2003, which ceased production fol¬ 
lowing a decision by the university not to compete with 
the private sector. By 2007, one ornamental fish farm was 
producing small quantities (~500 000 PL/yr for sale - at 
US$ 40/1000 - and for stocking in its own farm); most of its 
customers were stocking small ponds for home consump¬ 
tion. Another farmer has a small hatchery and is experi¬ 
menting with crossing M. rosenbergii with Macrobrachium 
carcinus. Using clearwater flow-through hatcheries, disease 
problems are not normally now experienced in Puerto Rico. 
When stocked at 60 larvae/L, 40 to 50% survival to meta¬ 
morphosis is feasible and the selling price for PL (in 2007) 
is US$ 40/1000. Nursery ponds (185 m 2 ) are occasionally 
used, stocked at 100 PL/m 2 and fed 32% protein tilapia feed 
to produce approximately 2 g juveniles after 60 days; when 
sold, these fetch US$ 60/1000. There maybe about one hun¬ 
dred and twenty 100 to 200 m 2 ponds in grow-out farms 
(but this is uncertain because of the intermittent supply of 
PL). Ponds are not fertilised and are stocked with either 
5 to 7PL/m 2 or 4 to 6 juveniles/m 2 . Sometimes, tilapia are 
stocked at 1 fish/m 2 for polyculture. Usually the same tilapia 
feed (US$ 485/t in 2007) is fed once per day at 20 kg/ha/day 
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for PL, rising to a maximum of 55 kg/ha/day (equivalent to 
~8% BW/day, decreasing to 3% BW/day). FCR is approx¬ 
imately 3.2:1. No grow-out diseases are reported, but bird 
predation can be serious (up to 60% losses) because birds 
are protected and there are regional bird refuges. In mono¬ 
culture, culling of large animals is carried out monthly from 
month 5 until the final harvest at month 8 in about 20% 
of the farms; the others only harvest once (batch culture). 
The preferred prawn size at harvest is 40 gm but there is 
a wide range. When polycultured with tilapia, only batch 
culture is used. Most farmed prawns in Puerto Rico are not 
sold but are consumed by the farmer, given away as gifts 
or possibly sold to neighbours. There is currently no do¬ 
mestic marketing and no export at all. Constraints to the 
further development of freshwater prawn farming in Puerto 
Rico centre around high land and water costs, the lack of 
a regular supply of PL, high production costs (relative to 
marine shrimp farming) and (for restaurant owners) the 
poor post-harvest quality of the harvested prawns avail¬ 
able. There are plenty of potential consumers of freshwater 
prawns in Puerto Rico, both local and tourists and it is 
possible that the decrease in sugar cane production may 
release some suitable land and water supplies. However, no 
expansion of freshwater prawn farming is foreseen in the 
immediate future (2007). 

In 1989, a state sugar company was reported to have plans 
to build nearly 200 ha of M. rosenbergii ponds in Trinidad 
& Tobago. However, actual construction of only 9.5 ha of 
ponds and a 0.4 million PL/yr hatchery occurred in 1991. 
Plans were to sell the production locally at first and to seek 
a future export market. Several other projects were being 
considered in the early 1990s but no substantial expansion 
of national production materialised. A production of 7 t/yr 
was originally recorded by the FAO for every year between 
1994 and 1998. However, contrary to those figures, produc¬ 
tion in Trinidad & Tobago is reported to have peaked at 71 
in 1991 but steadily declined thereafter (to 31 in 1993 and to 
0.21 by 1998). No freshwater prawn production at all has of¬ 
ficially been recorded by the FAO from this country in recent 
years, so it appears that data originally reported has been 
discarded. In 1999 it was reported that the sole commer¬ 
cial farm had ceased production and diversified into tilapia 
farming (New 2000). The only remaining prawn farm had 
already become a government research station. Despite this, 
it was forecast that production would increase again, due 
to a buoyant local market. Each of two original grow-out 
farms had its own inland hatchery. Originally the brood- 
stock came from jamaica and Texas. The capacity of each 
hatchery was about 2 million PL/yr and a clearwater (both 
flow-through and recirculation) system, typically stocked 
at 20/L, was operated. The grow-out ponds of the original 
commercial-scale farm (rectangular or square, 0.5-1.0 ha) 
were stocked at 5/m 2 , fed commercial feeds (US$400/t; 


FCR 3:1) and batch harvested. Diammonium phosphate 
was used for fertilisation and ponds were treated with slaked 
lime between cycles. The major problems are reported to 
have been water availability and human predation. Most of 
the harvest from the small (0.01 ha) research farm ponds 
are sold to employees. This research station also sold a few 
PL to other farmers but no information on the results is 
available. 

Research and development activities have been re¬ 
ported in a number of other Caribbean nations, including 
Grenada, Haiti, St Kitts and St Vincent, with minimal pro¬ 
duction being reported to the FAO in St Lucia since 1989 
and in Grenada between 1995 and 2001. 

17.3.2.2 Enhancement 

M. rosenbergii is not indigenous in this area. No culture- 
based fisheries of this species or enhancement activities 
involving any other freshwater prawn species have been 
reported in any Caribbean country. 


17.4 North America 

Thermal aquaculture research with M. rosenbergii was re¬ 
ported in Canada but all commercial production has oc¬ 
curred in Mexico, Hawaii, and in some states of continental 
USA, as detailed in this section of our chapter. 

17.4.1 Mexico 

17.4.1.1 Farming 

Introductions of M. rosenbergii were made on a number 
of occasions in the late 1960s and during the 1970s from 
Hawaii and Ecuador. According to FAO statistics, the pro¬ 
duction of freshwater prawns in Mexico began in 1970 and 
annual output rose to a peak of 4101 in 1988 before declin¬ 
ing again. By 2002 recorded production had fallen to 291 but 
gradually increased again, reaching 601 in 2007. A produc¬ 
tion of ‘river prawns nei Macrobrachium spp.’, presumably 
indigenous species, of 28 to 30 t/yr in 2005 to 2007 has also 
been reported by Mexico to the FAO. Despite this, reports 
from correspondents in Mexico (2007) indicated that there 
was little interest in expanding freshwater prawn farming 
in Mexico now. Introductions of other exotic species, such 
as the red claw crayfish ( Cherax quadricarinatus), which 
failed to achieve the expected productivity and profit, have 
damaged the economic climate for freshwater crustacean 
farming in general. A movement towards marine fish, or¬ 
namental fish and tilapia dominated the scene after the 
1990s. 
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Local information, obtained in 1999 (New 2000), stated 
that the main areas of production at that time were Guer¬ 
rero, Morelos, Jalisco and Puebla. Estimates of the num¬ 
ber of farms in 1999 varied from 11 to 28, most of which 
were said to be more than 2 ha in area. However, it was 
also thought that there was a large number of small prawn 
farms scattered throughout the country which, as in many 
other countries, made estimates of national production dif¬ 
ficult. In addition, the annual variation in reported national 
production, which was expected to continue, was caused 
by differences in the level of technology applied in differ¬ 
ent regions and to problems due to water quantity and 
quality. 

Most farms in 1999 competed with agriculture for surface 
water in areas of intensive farming. Water supply remains a 
problem in 2007. In central and northern regions, where the 
farming of M. rosenbergii was interrupted in winter, pro¬ 
ductivity ranged from 0.7 to 1.5t/ha/yr. In the south and 
southwest regions, 1.0 to 2.5 t/ha/yr was obtained. The ini¬ 
tial enthusiasm was for monoculture but polyculture with 
microphagous tilapia was favoured in Mexico in 1999. At 
that time, it was estimated that national production was 60 
to 70% from polyculture, a complete reversal of the pro¬ 
portion in 1993. 

According to local information, there was only one fresh¬ 
water prawn hatchery in Mexico in 1999, situated on the 
coast of the State of Guerrero. This government hatchery 
had a capacity of 11 million PL/yr but its actual produc¬ 
tion was well below that level (e.g. 3.2 million PL in 2003). 
Broodstock were obtained from commercial farms and the 
hatchery was based on a flow-through greenwater system. 
The larval stocking rate was 60/L. In 1999, PL were avail¬ 
able free from the government hatchery, presumably in an 
attempt to stimulate the sector. 

By 2007 the situation was entirely different. The govern¬ 
ment freshwater prawn hatchery was not in service but there 
was one commercial hatchery located in Veracruz, which 
also produces tilapia fry and practises mixed culture of 
prawns with tilapia ( Oreochromis niloticus or Oreochromis 
mossambicus). This hatchery sources its broodstock from 
its own grow-out facilities, keeping them in a special 
1000m 2 pond until eggs are dark brown, stocks larvae at 
40/L using a clearwater system into eight 2 m 3 tanks, oper¬ 
ates 2 to 3 cycles/yr and produces up to 30 000 PL/tank/cycle 
(equivalent to ~38% survival during the larval cycle to 
metamorphosis). Broodstock are fed fresh squid and the 
larvae a squid paste and Artemia nauplii. PL are offered for 
sale at US$ 80-100/1000, depending on the quantity sup¬ 
plied. No nursery stage is used; PL10 are stocked directly 
into grow-out ponds. 

In 1999 it was reported that all grow-out took place in 
ponds, which were typically 0.07 to 0.20 ha and rectangular. 
About 20% of the farms used farm-made feeds; half of 


these also utilised the commercial feeds (US$ 570-780/t; 
FCR 2.0-2.5:1), which the remaining 80% of farms used. 
Chicken and cattle manure, as well as triple superphosphate 
were used for fertilisation. About 50% of production was 
sold at the farm-gate, while 40% went to restaurants and 
hotels and 10% to local retail markets. None was exported. 
In 2007, it was reported that indigenous freshwater prawn 
species (M. carcinus, M. acanthurus, M. heterochirus and M. 
olfersii ) can be purchased for US$ 6 to 20/kg, according to 
their size and abundance, whereas farmed M. rosenbergii 
fetched US$ 20/kg. 

In 2007, grow-out in the two farms in Veracruz State 
was solely polyculture with tilapia; one farm (with its own 
hatchery) had two 0.5 ha ponds and the other had one 0.3 ha 
pond and was constructing two more ponds of the same 
size. Ponds are completely drained every 2 years, cleaned, 
treated with lime, and sun dried for at least 10 days. There 
is no fertilisation during this fallow period or during rear¬ 
ing; the intake water, from a local river, is already nutrient 
rich. The grow-out stocking rate of PL 10 prawns (there is 
no nursery phase) is 10/m 2 and survival to harvesting is 
estimated to be about 70%. No grow-out diseases are re¬ 
ported but bird predation is a problem. Tilapia are stocked 
at 5/m 2 but no harvest data is available; tilapia are har¬ 
vested throughout the prawn grow-out cycle when they 
reach about 200 g. Prawns are partially harvested by seine 5 
months after stocking and again at the end of the 6-month 
seasonal production cycle. The preferred market size is 40 
to 50 g. However, while an average of 70 g animals used to be 
achieved at harvest, the average is now down to about 50 g; 
this may be due to genetic degradation, since there have 
been no new introductions of broodstock (M. rosenbergii 
is, of course, not indigenous to Mexico). A commercial 30 
to 35% protein tilapia feed (US$ 760/t) is applied during 
the grow-out cycle, with an extra feed (40% protein) for 
the prawns applied at night equivalent to 1% BW/day. No 
data on FCR is available. All prawns are sold domestically, 
either at the farm-gate or (mainly) to restaurants and ho¬ 
tels or in local markets. Typically, freshwater prawns are 
sold head-on, farm-gate at US$ 20/kg. Although this exotic 
species is in competition with indigenous Macrobrachium 
spp., there is a good demand for it in Veracruz. However, 
there seems little opportunity for the expansion of freshwa¬ 
ter prawn farming in Mexico, because it is not encouraged 
by current government support policies and the culture of 
other species is more attractive to aquafarmers. 

17.4.1.2 Enhancement 

M. rosenbergii is not indigenous in this country. No culture- 
based fisheries of this species or enhancement activities 
involving any other freshwater prawn species have been 
reported. 
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17.4.2 USA 
17.4.2.1 Farming 

The pioneering studies in Hawaii, which began in 1965 
with the introduction of M. rosenbergii from Malaysia, not 
only had a profound influence on global developments in 
freshwater prawn farming (Chapter 1) but also founded 
commercial farming in that state. This, followed by the con¬ 
siderable US research work that has continued ever since, 
also stimulated prawn farming in other states. Commercial 
production was first recorded in FAO statistics in 1974 (101) 
and rose to a peak of 1101 (1979) in the 1970s. Peak an¬ 
nual production in the 1980s was 182 t/yr in 1982 and 1983. 
In the 1990s, the highest annual production was recorded in 
1990 and 1991 (184 t/yr). No production at all is shown in 
FAO data for the years 1995 to 2000, but it is assumed that 
this was a reporting error. From 2001 production in official 
statistics varied from a low of 381 in 2004 to a high of 2181 
in 2005 and 2006, falling to 2001 in 2007. However, local 
correspondents estimate that production was 2481 in 2003 
and 1431 in 2005, but fell to 951 in 2006 and 901 in 2007. 

Apart from Hawaii, which has an almost ideal temper¬ 
ature range, most efforts to produce M. rosenbergii in the 
USA have been in temperate zones, including Kentucky 
(Plate 6, facing p. 254) and South Carolina. A gradual in¬ 
crease in national production is expected. Some Mississippi 
catfish farmers were reported to be trying prawn culture in 
a pilot scale in 1999 and it was expected that, if these trials 
were successful, production could rise quite dramatically. 
Pilot-scale culture of freshwater prawns has also been re¬ 
ported in Arizona and California. Through 1995 to 1999, 
400kg/yr was produced from 2 ponds totalling 0.61 ha in 
South Carolina, using PL purchased from a hatchery in 
Texas. The PL were nursed and stocked into the grow-out 
ponds at 5.4/m 2 . The production was sold at the farm- 
gate, or to special order. Small freshwater prawn farming 
enterprises serving local demand have also been reported 
in North Carolina and Virginia. At least one, in Virginia, 
offers prawn juveniles for stocking to other farms as well as 
rearing them to table size, as what is called ‘a nearly organic 
product’ in its own farm for sale. Harvest of M. rosenbergii 
as high as 2.5 t/ha are claimed. 

The means that are used to address the problems of sea¬ 
sonal culture are discussed fully in Chapter 10. In 1999, it 
was estimated that production in Kentucky would be about 
71, twice as much as in 1998. Most farms in Kentucky were 
less than 0.5 ha, but larger farms were expected to emerge. 
Most PL came from one inland commercial hatchery in 
Texas, which had a capacity of about 3 million PL/yr, but 
supplies were also available from some academic facilities. 
This commercial hatchery operated a clearwater recirculat¬ 
ing system, obtaining its broodstock from grow-out ponds 
and stocking larvae at 25 to 80/L. Some regional nurseries 


existed (one in-state in Kentucky), but several farms oper¬ 
ated their own, stocking them at about 400 to 800 PL/m 2 of 
substrate. In 1999, PL were available at US$ 10 to 30/1000 
and 60-day juveniles at US$ 50 to 100/1000. Prices remained 
stable over the 1990s. In Kentucky, where prawn farming 
was being practised as part of a diversified farming opera¬ 
tion, grow-out ponds were typically rectangular and ranged 
from 0.2 to 0.4 ha. Commercial feeds were used, with an 
FCR of 2.5:1. Distillery by-products were used as an organic 
fertiliser for the first 2 months, followed by pelleted feed. 
Production averaged 1.2 t/ha/crop (year) but experimental 
work was improving this to 1.7 to 1.8 t/ha through the use 
of substrates. Water availability and high pH in newly con¬ 
structed ponds were reported to be the major problems in 
this state at this time. Ponds in Kentucky were completely 
harvested by September/October. A few remained dry un¬ 
til the following year but most were refilled, and a winter 
crop of trout was being considered. Some 70% of the prawns 
were being sold at the farm-gate (US$ 13-22/kg), while 20% 
went to restaurants and 5% were sold in local retail markets. 
About 5% were exported to Asian markets in Canada and 
there was considered to be good potential for expanding this 
trade if holding and transportation facilities were improved. 
One freshwater prawn farm in Mississippi, established in 
1997, was reported to be producing over 27 t/yr in 1999. 

By 2007, there were three hatcheries for freshwater 
prawns in continental USA and another being developed, 
all inland and all operating clearwater recirculation sys¬ 
tems. Potential capacity was 12 million/2 months but the 
actual production was about 5 million and the entire an¬ 
nual production must be completed within that 2-month 
period in order to be able to stock grow-out facilities at the 
earliest possible moment when temperatures become high 
enough. Broodstock are obtained from grow-out ponds 
and their cost represents about 30% of total PL production 
costs. Larvae are stocked at 40 to 60/L, fed Artemia nauplii 
and egg custard (feeds contribute 11% of PL production 
costs) and 40 to 80% survival to PL is obtained. No hatch¬ 
ery diseases were reported and PL sale prices ranged from 
US$ 25 to 30/1000. Indoor clearwater recirculation nursery 
tanks with substrates (Plate 7a, facing p. 254) are typically 
stocked at 400 to 800 PL/m 2 . Prawns are fed a 35 to 45% 
protein marine shrimp feed and 0.1 to 1.0 g juveniles are 
produced within 30 to 60 days use in the same farm or 
sold to others at US$ 60-100/1000. Cannibalism becomes 
as significant problem in these nursery tanks once juveniles 
become larger that 0.5 g so this is the target maximum size. 
Grow-out is primarily in monoculture but there is some 
polyculture with tilapia or crawfish. It is estimated that 
there were about 250 farms in 2007 with a wide range of 
sizes and ponds from 0.1 to 1.0 ha. Ponds are fertilised with 
old feed, livestock feeds, hay or alfalfa pellets at 200 kg/week 
for 4 to 6 weeks before stocking with 0.1 to 1.0 g juveniles. 
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Stocking rates vary: low-input ponds are stocked with 0.25 
to 0.4 g juveniles at 20 000 to 35 000/ha; high input ponds 
(with substrates; Plate 7c, d, facing p. 254) with 0.25 to 0.5 g 
juveniles at 60 000 to 75 000/ha; and 100 to 400 g tilapia are 
stocked in cages in polyculture ponds to produce 200 to 
400 kg/ha of fish. In grow-out, 28 to 36% commercial sink¬ 
ing catfish or prawn feeds (US$ 300-600/t) are broadcast 
uniformly once per day, starting at 10 kg/ha and rising to 
85 kg/day; typically, FCR is 3:1. Disease losses are regarded 
as low (~5%) caused by the protozoan parasite Epistylus 
and losses due to cannibalism and fish predation (mainly 
by the green sunfish Lepomis cyanellus) occur. Being in a 
temperate zone, grow-out is confined to the summer 100 
to 150 days (mainly 110-140 days) and the preferred size at 
harvest is more than 30 g. Ponds are totally harvested by dip 
net or baskets within the harvest basin or by a small seine 
net at the end of the production cycle (no cull-harvesting). 
The market for farmed prawns is principally domestic, al¬ 
though there is demand in Canada but transport mortalities 
have limited success in export. Prawns are mostly sold at 
the farm-gate but some are sold to wholesale distributors, 
restaurant/hotels and local markets. Farm-gate prices range 
from US$ 13 to 22/kg. 

The annual prawn harvest often becomes a local com¬ 
munity event, advertised through local newspapers. For ex¬ 
ample, one Kentucky farm announced its 14th annual pub¬ 
lic harvest in September 2008 and expected to have about 
10001b (454kg) of 8 to 12/lb count (~38-57 g) head-on 
prawns available at US$ 12/lb (US$ 26.5/kg). One satisfied 
customer blogged T’ve had them. They are tasty, and they 
are fresh. They’ll put them in a bag on ice for you.’ This farm 
was one of 20 freshwater prawn farms in Kentucky in 2008. 
Another blogger (an accountant) noted that, based on 5 
acres (~2 ha) of ponds, his business model showed that you 
can ‘spend US$ 50000, then basically break even for three 
years for your two hours a day during the growing season 
and two weekends a year for preparation and harvest. Af¬ 
ter that, the same work should clear about US$ 45 000/yr - 
if you can sell your prawns!’ 

There are reports of freshwater prawn farming in other 
states of the USA, notably in North Carolina, where the first 
farm was established in 2002. By 2007, there were about 8 
farms totalling 8 ha in operation and several more were 
expected to be established. A marketing and purchasing co¬ 
operative had been formed to ensure continued premium 
pricing and obtain bulk discounts on supplies. 

The constraints to expanding freshwater prawn farming 
in continental USA are mainly concerned with the seasonal¬ 
ity of production (and thus marketing difficulties), compe¬ 
tition from cheap imported freshwater prawns, and lack of 
consumer familiarity with the product (which is being ad¬ 
dressed by various individuals and organisations). As a re¬ 
sult, the area under production (and therefore output) was 


(in 2007) reported to be decreasing and no expansion was 
expected soon. However, the good sustainability of prawn 
production (Chapter 24), the safety and quality aspects of 
domestic production, and the possible introduction of or¬ 
ganic certification may increase prospects for the future. 

In Hawaii in 1999 there were eight freshwater prawn 
farms, mainly small, family-operated businesses. Kahuku 
and Kaneohe on the island of Oahu (5 farms) were the ma¬ 
jor production areas. Only 2 farms were larger than 5 ha. 
All operated monoculture systems in freshwater. Total pro¬ 
duction area (1999) was estimated to be about 40 ha and 
annual state production in the years 1993 to 1998 ranged 
from a high of 401 in 1993 to a low of 71 in 1996. Produc¬ 
tion in 1998 was estimated to be nearly 141. There were 
only two artisanal hatcheries then, operated by grow-out 
farms; these had a limited capacity. Surplus PL were sold 
to other farms. It is interesting to note that these hatcheries 
still operated the greenwater system introduced by Takuji 
Fujimura and his team (Chapter 1). Some were inland, 
using trucked seawater from wells or, occasionally, artifi¬ 
cial seawater. Broodstock were obtained from their own 
ponds, or those belonging to the farm desiring PL. Locally 
produced PL were US$ 35-50/1000 in 1999, significantly 
higher than 10 years previously, when they fluctuated from 
US$ 15-25/1000. There seemed to be a resurgence of in¬ 
terest in freshwater prawn farming in Hawaii in 1999, due 
to high market prices for Macrobrachium. One farm was 
purchasing PL from California. Rectangular, 0.2 to 0.6 ha 
grow-out ponds were reported to be stocked at a rather 
high density (25 PL/m 2 ); no juveniles were stocked. Fer¬ 
tilisers were added to promote the growth of phytoplank¬ 
ton. Feeds were shipped in from continental USA and cost 
(1999) US$ 1100 to 1650/t. The operational costs are par¬ 
tially offset by the extremely high value of the harvested 
product. Noting the high costs of feed and PL, it was no 
wonder that the major constraining factor to freshwater 
prawn farming in Hawaii were reported in 1999 to be oper¬ 
ational costs. However, even though these operating costs 
are still high in 2008 and appear to limit new prawn farm 
development, the major constraining factor in Hawaii is 
actually the availability of land with an existing freshwater 
supply, such as a well, or proximity and low cost rights to 
surface water; it is simply too expensive to capitalise the de¬ 
velopment of new freshwater sources for freshwater prawn 
farms. Moreover, permits for doing so are highly regulated 
and difficult to obtain, especially on the island of Oahu, 
where the capital (Honolulu) and the major market exists. 
Harvesting is mainly by continuous culling, with the ponds 
only occasionally being drained, prior to a 2-week drying 
and liming process, during which the bottom sediment is 
removed. 

Hawaiian freshwater prawns are sold live to ethnic 
seafood restaurants (~55%) and retail markets (~45%) 
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centred around Chinatown in Honolulu and through one 
roadside stand that sells prepared prawn lunches and whole 
live animals. Processors deem the supply to be too small 
and irregular to be of interest. All farm production is con¬ 
sumed within Hawaii. In 2008 there were reported to be 
only three freshwater prawn farms in Hawaii. Two, using 
the same production systems as described above, serve as 
niche farms supplying high-value fresh prawns to restau¬ 
rants. The third uses his farm as a fee fishing enterprise for 
children; this serves as a ‘draw’ for the owner’s pond-side 
restaurant, where expensive (US$ 10-20/plate) freshwater 
prawn and other seafood dishes are served. 

17.4.2.2 Enhancement 

M. rosenbergii is not indigenous in this country. No culture- 
based fisheries of this species or enhancement activities 
involving any other freshwater prawn species have been 
reported. 


17.5 Africa 

Freshwater prawn farming to date (1999) has been ex¬ 
tremely limited in Africa, despite technical potential. Pro¬ 
duction in Mauritius is described in section 17.5.1 and 
activities in other countries grouped within section 17.5.2. 

17.5.1 Mauritius 

17.5.1.1 Farming 

M. rosenbergii was originally introduced into Mauritius 
from Hawaii in 1972. Following the pioneer work of the 
late Rogene Thompson and her co-workers, production of 
farmed prawns reported by Mauritius to the FAO began 
with 11 in 1977; peak production levels occurred in 1994 
(631) and 1996 (621). However, production reported to 
FAO was only 51 in 2007. Most production occurs in the 
east and southeast coastal areas. Local sources indicate that 
production between 2004 and 2006 may have been rather 
higher than FAO data indicate but did not exceed lOt/yr. 
Production had declined since 1996 because of the increas¬ 
ing use of prawn ponds for rearing other species, notably 
red tilapia and the red claw crayfish Cherax quadricarina- 
tus\ however, the culture of the latter species has now (2008) 
discontinued. Two farms closed down because their water 
supplies were used for industry and tourism (hotels). In ad¬ 
dition, Mauritius has faced very severe droughts and some 
farms completely ran out of water. In the responses to a 
questionnaire prepared by New (2000) hope was expressed 
that the water situation would return to normal during the 
1999 winter period (July-September). However, scarcity of 


water remained a constraint in 2007, together with high 
production costs. 

Two hatcheries originally existed but, by 2007, only one 
was in operation. This was operated by the Albion Fisheries 
Research Centre and had a capacity of 8 million PL/yr and 
an actual production of 2 to 3 million PL/yr; this was sat¬ 
isfying current demand. Although the original broodstock 
came from Hawaii, they are now obtained from grow-out 
ponds. While some reduced fecundity has been noticed, 
no degeneration in grow-out performance has been ob¬ 
served. Nevertheless, new stock may be imported in future, 
to avoid inbreeding. Originally, following its Hawaii ori¬ 
gins, the hatchery operated greenwater larval rearing but 
switched to a clearwater recirculation system in 1993. A 
three-phase production system is used. In phase 1 (larval 
stages I—V) the stocking rate is 600 to 900/L. The stocking 
rate decreases to 220 to 250/L in phase 2 (larval stages V-X) 
and to 75/L from stage X to metamorphosis. The PL (PL10) 
selling price in 2007 was US$ 39/1000, substantially higher 
than in 1999 (US$ 25/1000). Typically, the survival rate to 
metamorphosis is 35 to 40%. 

Most of the farms operate their own nursery ponds or 
use one grow-out pond for this purpose. Nursery facilities 
are stocked up to a maximum of 570/m 2 for 2 to 3 months 
during winter (16-22°C) or 250/m 2 in summer (>23-°C) 
when artificial habitats are employed (horizontal layers of 
netting). Sometimes palm tree leaves are used as habitats 
and stocking is 120 to 200/m 2 . Over a 2- to 3-month period, 
survival exceeds 70%. 

Almost all production comes from monoculture but 
small amounts (0.1-0.4 t/yr) have been produced in poly¬ 
culture with red tilapia hybrids ( Oreochromis niloticus x 
Oreochromis aureus ). In 1999 there were a total of 14 grow- 
out farms; by 2007 there were 21 but not all of these were op¬ 
erational every year. Farms ranged from 0.3 to 4.9 ha. Stock¬ 
ing rates in monoculture are initially 22 nursed juveniles/m 2 
(nursed from PL10 for 2 months); density is reduced to 
about 10/m 2 after 3 to 4 months. Some polyculture with 
red tilapia occurs; in such cases 1 to 2 prawn juveniles/m 2 
are stocked, while 1 to 2 g tilapia fry are initially stocked at 
12/m 2 , reduced to approximately 5/m 2 at 200 g and again 
to 2/m 2 at 450 g. During tilapia transfers, prawns are either 
left in the ponds or re-distributed. Grow-out ponds are nor¬ 
mally rectangular and 0.2 to 0.5 ha. A commercial livestock 
feed costing US$ 780/t and achieving an FCR of 3:1 is em¬ 
ployed. In the polyculture system, prawns eat uneaten fish 
feed (the water stability is poor) and weak and dying tilapia. 
Fertilisation with cow manure is sometimes practised but 
triple superphosphate or complete NPK fertilisers are also 
used. Following control over the water inlet supply, the pond 
water remains green without a heavy bloom, provided the 
water supply holds out. In periods of drought, aerators are 
used. One farm (for example) has its own reservoir, 2 km 
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distant, but obtains 70% of its water from a hydroelectric 
plant that ceases to release water during the droughts ex¬ 
perienced every 3 to 4 years. No disease or other grow-out 
problems were reported, except for cannibalism. 

Cull-harvesting occurs throughout the year, with each 
pond being drained down once annually, usually in win¬ 
ter (July-September) when under-sized animals are trans¬ 
ferred to other ponds and reared on for the Christmas-New 
Year market. An elaborate stocking strategy used to be em¬ 
ployed in the major farm operated by Ferney Aquaculture 
Limited to ensure that it had prawns to sell year-round; the 
harvest size was 30 g. This farm had ceased to exist by 2007, 
but its processing facility was still operational. 

Prior to 1993, some 20% of national production was 
exported to the neighbouring French island of Reunion. 
Since then all has been sold domestically, partly because of 
local demand but also because it was necessary to upgrade 
processing facilities to meet HACCP (Hazard Analysis and 
Critical Control Point) and EU standards. Traditionally, 
about 50% of the harvest in 1999 was going directly to ho¬ 
tels and restaurants and 25% to wholesalers, while 15% was 
sold at the farm-gate and 10% went to local retail markets. 
However, this pattern was reported to be changing in 1999, 
because the largest farm was buying most of the output of 
the other farms and had invested in a processing plant, used 
mainly for cleaning, grading and packing, since most of the 
products are sold fresh on ice. Prawns were transported 
in refrigerated trucks in plastic crates holding 10 kg with 
a thick flake ice covering. However, expansion in the areas 
used for grow-out was then (1999) thought to be unlikely 
since all farms were owned by sugar cane estates, which 
regarded aquaculture merely as a form of agricultural di¬ 
versification; the major land use was expected to remain 
allotted to sugar cane production. In 2007, the output from 
freshwater prawn farms was sold partly at the farm-gate 
(at US$ 10.20/kg head-on) and partly to distributors, ho¬ 
tels and restaurants and in local markets. None was being 
exported. Mauritian freshwater farming is not currently 
(2007) expected to expand beyond the current level. 

17.5.1.2 Enhancement 

M. rosenbergii is not indigenous in this country. No culture- 
based fisheries of this species or enhancement activities 
involving any other freshwater prawn species have been 
reported. 

17.5.2 Other African countries 
17.5.2.1 Farming 

Giant river prawn broodstock were introduced into Egypt 
from Malaysia and Thailand in 1987/88. Production was 


said to have peaked at 10.51 in 1996, having risen from 21 
in 1992, but declined to less than 1 t/yr in both 1997 and 
1998. The 1996 total comprised 71 from monoculture, 31 
from polyculture with tilapia (Oreochromis niloticus ) and 
0.51 from experimental integrated farming (rice, fish and 
prawns). In 1995 there were 4 farms growing freshwater 
prawns, including 1 between 0.4 and 0.9 ha and 2 between 
2.0 and 4.9 ha. No official national production was reported 
to the FAO during these years. In 1999, the only remaining 
farm, with a total area of 1000 ha, which had 51% gov¬ 
ernment and 49% private ownership and primarily reared 
mullet, tilapia, sea bream, sea bass and marine shrimp, 
was still using about 5 ha to rear a small quantity of M. 
rosenbergii in polyculture with tilapia and mullet. The 4 
Nile delta hatcheries that had operated in 1995, which had 
a total capacity of 3 million PL 10/yr, had closed by 1999; 
then there was only 1, on the Mediterranean coast; this had 
a 0.5 million/yr capacity and operated a clearwater, flow¬ 
through system, stocked at 30 larvae/L. By 2007, all the 
private sector hatcheries had closed due to technical and 
economic factors and the lack of demand for PL. By then, 
only 2 government hatcheries were producing very limited 
quantities of M. rosenbergii PL (12.5 million PL in 2006) in 
flow-though systems. These were stocking larvae at 30/L 
and achieving a PL15 survival rate of 50%. The PL15 selling 
price was high - US$ 55/1000 for PL and US$ 72/1000 for 
2 to 3 g juveniles. Juveniles were produced by rearing for 30 
days post-PL 15 in cement and fibreglass tanks stocked at 
1000 to 2000 PL15/m 2 . By 2007 the only grow-out activity 
was from some of the 0.20 and 2 ha earthen ponds at the 
state-run Maryut Fish Farm Company (MFFC) in Alexan¬ 
dria that were stocked with PL 15 at 4 to 5/m 2 or juveniles 
at 1 to 2/m 2 . The water source was rich in natural food, so 
there was no need for fertilisation other than 350 kg/ha of 
chicken manure before stocking. A 2 or 32% protein feed 
was applied 3 times in the day and twice at night at a to¬ 
tal of 3 to 5% BW. These feeds cost USS 360/t and 440/t, 
respectively. Harvesting was normally at the end of the pro¬ 
duction cycle (April/May to September/November) but in¬ 
termediate partial harvesting of larger animals (culling) was 
sometimes practised. In the winter it is too cold for fresh¬ 
water prawn farming in Egypt. The desirable market size 
was 33 to 50 g and all production was being sold domes¬ 
tically at the farm-gate and in local markets at USS 11.80 
to 8.20/kg and USS 4.60/kg for grades I (30-50 g prawns), 
II (24-40 g) and III (20-30 g), respectively. Prawn produc¬ 
tivity was low (240-480 kg/ha/yr); this was said to be be¬ 
cause of the salinity of the agricultural drainage water used 
(~7 p.p.t. and increasing to ~10 p.p.t. after pond evapora¬ 
tion ) and its hardness (up to 1200 mg/L CaCOj). Few farms 
ever operated polyculture with fish and there was only one 
experiment in integration of prawn culture with rice pro¬ 
duction in the 1990s. A number of papers on the rearing 
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parameters, biological characteristics and economics of 
freshwater prawn farming in Egypt were published in the 
1990s (see sections 17.9 and 17.10). Giant river prawns are 
an unusual commodity in Egypt and, as they have been 
sold as an alternative to the favoured marine shrimp, but 
at similar high prices there is consumer resistance. In ad¬ 
dition, Egyptian consumers will not purchase freshwater 
prawns unless the claws are removed. However, despite the 
very limited activity since 1987, the favourable prices gained 
for MFFC production was causing Egypt to re-evaluate the 
mass production of freshwater prawn PL for commercial 
farming in 2008. 

Farmed freshwater prawn production of 2 to 8 t/yr was 
reported to the FAO by Malawi in the years 1980 to 1995. 
However, from then until 2002, FAO production estimates 
were less than 1 t/yr. Since then, national output has been 
nil. The original stimulus was a JICA (Japan Interna¬ 
tional Corporation Agency) built hatchery at Domasi. A 
commercial company at Sucoma grew prawns with carp 
and tilapia; however, the hatchery failed. By 2007 there 
was no commercial production of freshwater prawns in 
Malawi. 

Mozambique, a recipient of South African investment, 
was thought to have a better potential for development than 
South Africa itself. However, the disastrous floods experi¬ 
enced by Mozambique in the first quarter of 2000 delayed 
the realisation of such expectations. No production of fresh¬ 
water prawns from this country has been reported to the 
FAO so far. 

Production of farmed giant river prawns in Reunion 
was first recorded by the FAO in 1985 (4t) and produc¬ 
tion varied between 2 and 7 t/yr until 2000. In 1991, a sin¬ 
gle hatchery was reported to be producing 1.5 million PL, 
while 2 farms totalling 8 ha were harvesting a total of 41. By 
2001, production had already almost ceased in the remain¬ 
ing farm, which switched gradually to producing tilapia. 
There has been no freshwater prawn farming in Reunion 
since 2002, although a few broodstock may remain from 
the original venture. The principal reasons are the severe 
lack of suitable land on this volcanic island, the low pro¬ 
ductivity achieved (and thus the necessarily high product 
price) and an increase in the imports of frozen prawns from 
Asia, mainly from Vietnam. No production at all has been 
reported to the FAO since 2001. 

Production of farmed M. rosenbergii in Senegal was first 
recorded by the FAO in 1984 after the species was introduced 
from Martinique. Peaks in production were reported in 
1996 (251) and 1999 (501) but no production at all has 
been reported from 2000 to 2007. No historical or current 
details of freshwater prawn farming in Senegal have been 
obtained, so there is an aura of mystery about this topic. It 
seems likely that production has ceased in both Reunion and 
Senegal, as it has in French Polynesia and New Caledonia in 


the Pacific, where French technology for rearing freshwater 
prawns was also introduced. In the Caribbean, conversely, 
Guadeloupe and Martinique remain as producers of farmed 
M. rosenbergii , but at a low level (see section 17.3.2.). 

A freshwater prawn farm formerly operated a monocul¬ 
ture system in ponds in the Northern Province of South 
Africa, with an estimated production of 41 in each of 1993 
and 1994. PL were produced by a local hatchery. The tar¬ 
get market was restaurants and hotels. However, this farm 
has since closed. Freshwater prawn farming is not expected 
to be revived in South Africa, partly because water tem¬ 
peratures are generally unsatisfactory for this purpose and 
partly because of a domestic consumer preference for ma¬ 
rine shrimp. In spite of this report. South Africa used to 
import freshwater prawns from Thailand. 

In 2006 it was reported that two Indian farms were invest¬ 
ing in freshwater prawn farming in Uganda, with an export 
market in mind. No further information on this venture 
had emerged when our book went to press. FAO recorded 
a national production of 1 to 2 t/yr between 2004 to 2007. 

Production of freshwater prawns commenced in 
Zimbabwe in the 1970s and national production was re¬ 
ported to have increased to a maximum of 131 in 1988. 
From then onwards it declined to zero by 1993, the original 
farm having re-directed its activities to finfish. In a survey 
of 50 to 60 farms in 1995 to 1996, none reported any farm¬ 
ing of Macrobrachium. None was reported to exist by our 
correspondent in 2007 either. 

Interest in the farming of M. rosenbergii has been shown 
in several other African countries, including Cote d’Ivoire, 
Ghana, Kenya, Namibia and Sierra Leone. Some research 
work has occurred, but no commercial results or production 
had been reported up to 2007. It has been confirmed that, 
at that date, there was no freshwater prawn farming in 
Botswana or Tanzania. Some activity in the farming of the 
African river prawn Macrobrachium vollenhovenii exists in 
Nigeria (Chapter 23). 

17.5.2.2 Enhancement 

M. rosenbergii is not indigenous in these countries. No 
culture-based fisheries of this species have been reported. 


17.6 Europe 

17.6.1 Farming 

In 2006, it was reported that the geothermal prawn farm in 
New Zealand (see section 17.7.2) had sold a 50% interest 
in its technology to the Iceland Government so that fresh¬ 
water prawn farming could start in the latter country. Pilot 
studies had already been completed and it was planned to 
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establish a commercial farm that would be able to supply all 
the needs of the restaurant industry in Iceland. This was a 
temporary venture with a state owned company while a pri¬ 
vate investor was being sought. Currently (2008), there is a 
hatchery/nursery facility there and a population of healthy 
prawns to breed from has been established. Three 200 m 2 
experimental ponds have also been constructed and nego¬ 
tiations are in progress to build a commercial-scale farm 
with the capacity not only to supply local needs but also to 
export M. rosenbergii into northern Europe. 

FAO statistics show a production varying between 5 and 
25 t/yr of ‘freshwater crustaceans not elsewhere included’ 
in the Russian Federation between 1998 and 2007, but the 
species cultured is (are) not named. Following the import 
of 2 adult female prawns from Vietnam in 1992, com¬ 
mercial farming of M. rosenbergii was initiated in 1997 
in the southern region of Astrakhan (in the Volga Delta 
adjacent to the Caspian Sea), using fish ponds ranging 
from 0.5 to 2.0 ha. This farm was at that time claimed to 
be the most northerly prawn-rearing farm in the world. 
The 1998, the harvest was a modest 350 kg but expansion 
plans were under way. The farm expected to produce 11 
in 1999 and was bullish about its future, since demand 
exceeded supply. A 0.8 to 1 million PL/yr, capacity recir¬ 
culation hatchery commenced operation in 1998. PL costs 
were estimated to be US$40 to 60/1000 in 1999. Deteri¬ 
orating broodstock performance had been observed and 
new imports of sexually mature animals were being sought 
in 1999. In 1999, production appeared to be based solely 
on natural productivity and the grow-out season was ex¬ 
tremely short (~3 months). The harvested animals were 
mainly sold in restaurants. In 1999, this pioneering enter¬ 
prise was hoping that production would increase, due to 
the entry of other farmers and to the use of supplemen¬ 
tary feeds and polyculture. In 2001, this Russian freshwa¬ 
ter prawn farm (called Akva-kultura) claimed to have pro¬ 
duced 61 of prawns in 2000, most of which were shipped 
to Moscow, while small quantities were being sold in As¬ 
trakhan, both in live and processed form. At that time, 
Akva-kultura was seeking an investor for expansion pur¬ 
poses; if successful, it forecast an annual output of 90 t/yr. 
No information has been obtained about the status of this 
farm in 2008. M. rosenbergii is now being reared through 
its larval and juveniles stages at the Fish Collective-farm 
‘Shaparievsky’ in Krasnodar Krai (part of the Southern Fed¬ 
eral District and adjacent to the Black Sea). This heated facil¬ 
ity consists of an experimental hatchery-nursery containing 
twenty 140 L transparent plastic fish incubators with recir¬ 
culation systems for egg hatching and larval rearing. These 
are stocked at 100 to 200 larvae/L. Five larval cycles are com¬ 
pleted in a clearwater recirculating system between January 
and April, metamorphosis being reached in 20 to 25 days. 
Larvae are fed Artemia nauplii, fish flesh, egg custard and 


fish soft roe. No disease problems have been reported and 
30% survival is obtained. Each incubator produces 5000 
to 10 000 PL/cycle. These facilities produced 260 000 PL in 
2007. Another section of the facilities, consisting of ten 
plastic tanks and concrete tanks, is used for maintaining 
broodstock selected from grow-out ponds at harvest be¬ 
tween September and March and as nursery facilities from 
February to May. PL are stocked at 2500/m 2 in 11 fertilised 
tanks with shelters and a pebble substrate having a total area 
of 47 m 2 and reared to 0.2 to 5.0 g juveniles. The nursery 
tanks are fed three times per day to demand with fish flesh, 
amphipods ( Gammarus spp.), cottage cheese and millet. In 
2007,96 000 juveniles were produced; their destination was 
the Fish Collective-farm itself, as well as other fish farms 
in Krasnodar Krai and in the neighbouring regions of Rus¬ 
sia. Grow-out in 1 to 2 ha ponds is in monoculture, but 
polyculture with paddlefish (Polyodon spathula) and grass 
carp or silver carp and grass carp is being contemplated 
at the Fish Collective-farm. Pond bottoms are tilled in the 
autumn and organic fertilisers are added before refilling 
with water. The grow-out stocking rate is 10 000/ha and 
production is based entirely on natural food. No evidence 
of diseases during grow-out has been observed but some 
has been seen during the maintenance of broodstock due 
to poor water quality (low temperature, high nitrite and 
ammonia levels). Prawns are reared in the grow-out ponds 
from the end of May until total harvest by draining into a 
net (cull-harvesting is not practised) at the end of the cycle 
in September when water temperatures become too low. At 
harvest, the average weight of prawns is 20 to 40 g, with an 
average farm-gate price of 280 roubles/kg (US$11/kg). The 
constraints to further development include low unit pro¬ 
ductivity, together with ‘weed’ fish infestations (unwanted 
fish species) and variable levels of natural food in the ponds. 
So far (2000-2007), production in farms supplied by this 
facility have been less than 1 t/yr but there is some pri¬ 
vate investor interest and it is hoped that the pilot-scale 
work done so far will enable expansion to a commercial 
scale. 

Some of the output of juveniles from the Shaparievsky 
went to the Ukraine but no details of results are available. 
Various reports of European research and development or 
hatchery activities concerning M. rosenbergii have appeared 
in the literature in a number of other countries, namely 
Belarus, Germany, Greece, Italy and Sweden. None has 
resulted in commercial production, principally because of 
unsuitable climatic conditions and the economic unfea¬ 
sibility of heated recirculation systems. However, culture 
in geothermal waters or thermal effluents may be possible 
(see Russian Federation above). Armenia reports a small 
output of‘freshwater prawns nei’ to the FAO (an estimated 
4t in 2007), but it is not known if this includes any 
Macrobrachium spp. Early research work on the rearing 
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of M. rosenbergii in the UK has been mentioned in 
Chapter 1. 

17.6.2 Enhancement 

M. rosenbergii is not indigenous in Europe. No culture- 
based fisheries of this species or enhancement activities 
involving any other freshwater prawn species have been 
reported. 

17.7 Oceania 

17.7.1 Fiji 

17.7.1.1 Farming 

Initial introduction from Hawaii occurred in the late 1970s 
or early 1980s (there have several further introductions 
since). Farming activity of M. rosenbergii in Fiji was first 
shown in FAO statistical records in 1982 and recorded an¬ 
nual production rose gradually from 11 in 1989 to a peak 
of 931 in 1996, but then rapidly declined to 2t in 1999. 
Production between 2000 and 2006 ranged between 101 
(2003) and 2t (2006) but rose to 24 t in 2007. Doubt 
is thrown on the production figures from the 1980s, as 
it seems unlikely that the true production of freshwater 
prawns ever exceeded 5 t/yr until very recently; possibly the 
large production shown in FAO statistics from the 1980s 
included production from some other species, perhaps ma¬ 
rine shrimp or prawn capture fisheries data. Local sources 
report an output of 71 in 2006 and an estimated 181 in 
2007. M. rosenbergii does not seem to have established itself 
in the wild in Fiji, where M. lar is the principal indigenous 
species. The availability of M. rosenbergii broodstock has 
been fragile owing to the small numbers that were intro¬ 
duced originally and numbers falling again several times 
since. Routinely, broodstock are now obtained from grow- 
out ponds. The Australian Centre for International Agricul¬ 
tural Research (ACIAR) and the Department of Fisheries of 
the Government of Fiji have signed an agreement to start 
a three-year genetic improvement project in 2008, based 
upon re-introduction and the trial of new varieties, after 
quarantine and appropriate screening for diseases. 

In 2007, two hatcheries existed, one at the Naduru- 
loulou Research Station of the Department of Fisheries and 
the other at the School of Marine Studies of the Univer¬ 
sity of the South Pacific (USP). The latter is producing 
1.5 million PL/yr and guarantees supply at US$ 45/1000 PL 
to a 24 x 0.3 ha pond joint-venture farm operated with a 
private-sector company. The government hatchery has been 
supplying an average 100 000 PL/yr, without charge, to as 
many as 50 ‘household’ farms (each having 1 or 2 ponds 
of ~0.1 ha) or as few as 5 farms, depending on PL avail¬ 


ability. The government hatchery is inland and brings in 
seawater by truck; sometimes breakdowns occur and then 
there are no PL to supply to the ‘household farms’, so there 
is a deficit in PL supply. Both hatcheries operate a dear- 
water system with 50 and 80% water exchange on alternate 
days; a treatment with 30 mg/L formalin is applied on 80% 
exchange days. Larval stocking rates of 100/L are normal 
but output is about 25 000 PL from alt system, regard¬ 
less of stocking rate (25 PL/L). Artemia nauplii, ox liver and 
egg custard are fed. No serious diseases are reported, al¬ 
though ‘mid-cycle disease’ occasionally occurs when hatch¬ 
ery management is not up to par. ‘Household farms’ stock 
PL directly into their ponds but the USP farm uses a nurs¬ 
ery phase - twenty 25 nrcement raceway tanks stocked at 
18 000 PL/tank. Prawns are fed a marine shrimp diet 4 times 
per day and juveniles of 0.1 to 0.3 g are produced in 30 days, 
before transfer to the farm’s own grow-out facilities. 

Monoculture grow-out is practised but feral tilapia and 
eels sometimes invade the ponds (eels can be sold at 
US$ 16/kg and tilapia at US$ 2.50-3.00/kg). Apart from 
the USP farm, the number of small farms varies consid¬ 
erably as there is an inconsistent supply of PL and they 
cannot always operate and sometime rear tilapia instead. 
USP ponds are dried in between crops, to eliminate tilapia 
and water weeds, treated with agricultural lime and fer¬ 
tilised with chicken manure. Household ponds are typically 
stocked at 5 PL/m 2 , while USP stocks 6 juveniles/m 2 into 
ponds that are fertilised with chicken manure at 1667 kg/ha 
(cost US$ 72/t), and fed with commercial feeds (US$ 663/t) 
twice per day. Feed trays are used to feed on demand but 
feeding rate is approximately 5% BW and FCR is typically 
2.5:1. No diseases have been experienced in the grow-out 
phase in the USP facilities and although predated by eels 
and diving seabirds, 70 to 80% survival from stocking to 
harvest is achieved. Batch culture is practiaed, with a single 
harvest (through a bag net over the outlet and hand picking 
from the pond bottom) at the end of each 5- to 7-month 
production cycle; there are 2 cycles/yr. Size distribution in 
the USP facilities is about 30 kg of ‘small’ sizes amongst 
500 kg of‘large’ (with an average harvest size of 40 g). Pro¬ 
ductivity at the USP farm is currently about 3.3t/ha/yr. 
Artisanal farm productivity is much lower. 

Fiji is unique in that the market price for smaller sized 
prawns is similar to larger ones so it is not absolutely im¬ 
perative to grow prawns to large size, as it is in some other 
countries. Large animals are only culled out if a special order 
is placed for large prawns. No partial harvesting was being 
done in 2007, but experiments to determine if this would 
increase production through the ‘compensatory growth’ of 
small prawns were being carried out. The market is solely 
domestic; the USP farm has started a shop on the main 
highway that sells 200 to 350 kg/week. The rest of the output 
from this, and the ‘household farms’, is sold to a distributor 
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who supplies restaurants and hotels. Prawns are marketed 
in 2 size categories - small (average 25 g) and large (average 
35 g). The main constraint to future expansion of freshwater 
prawn farming in Fiji is primarily the lack of PL, followed 
by the need for education, technical expertise and the provi¬ 
sion of continuing support for farmers as they establish their 
farms. The USP facility is run as a demonstration farm to 
address these latter issues. While major problems (mainly 
the lack of hatchery expertise) still impede the establish¬ 
ment of marine shrimp farming, freshwater prawn farming 
is expected (2007) to have a bright future in Fiji, where 
there are 800 000 seafood eaters, 500 000 tourist arrivals/yr 
and approximately 7001 of shrimp product being imported 
each year to meet demand. Freshwater prawns are signif¬ 
icantly cheaper than marine shrimp; M. rosenbergii has a 
reputation for being the ‘people’s’ prawn. 

17.7.1.2 Enhancement 

In Fiji, USP student projects have identified locations where 
wild M. lar (0.1-0.5 g) PL can be captured when rivers dry 
up into pools in the dry season and also along the inside 
edge of the first major river rapid of Navaua River. M. lar 
(Chapter 23) has broad appeal across all ethnic groups in 
Fiji and is grouped along with M. rosenbergii as the ‘people’s 
prawn’ as they are cheaper than marine shrimp. However, 
there is no prawn enhancement programme in Fiji. 

17.7.2 New Zealand 
17.7.2.1 Farming 

Since 1987, when broodstock were introduced from 
Malaysia, one farm in New Zealand has been a pioneer 
in the commercial production of freshwater prawns (M. 
rosenbergii) in geothermally heated water (Fig. 17.8). The 
fact that prawns will not breed in the temperate waters of 
New Zealand was a prerequisite for the original import per¬ 
mit for this non-indigenous species. Any further expansion, 
either by this farm or others, must therefore be based on the 
use of geothermal water or waste energy sources (e.g. elec¬ 
tricity production). The farm’s water supply comes from 2 
sources: a plate heat exchanger at 55°C (250 m 3 /h in sum¬ 
mer and 400 m 3 /h in winter) and river water at 10°C. Some 
90% of the water is recirculated from a settling pond kept 
at 21°C and the grow-out ponds require little treatment 
between cycles. The geothermal water, which comes from 
the Wairakei power plant, cannot be used directly because 
of its high sulphur, lithium and arsenic contents; thus the 
use of heat exchange. 

So far, no production from New Zealand has been re¬ 
ported in official FAO statistics but the farm, which pro¬ 
duced 31 in 1993, has expanded steadily, reaching an annual 



Fig. 17.8 Geothermal freshwater prawn farm in New 
Zealand. (Reproduced with permission of Stephen Pope, 
New Zealand Prawns.) 


output of 10.51 in 2000 and 261 from 5.3 ha in 2006 (with 
261 from 4.2 ha forecasted for 2007; some larger ponds are 
being closed during the winter months - May-October to 
conserve heat but without loss of total production). This 
farm, which is situated in the centre of North Island, now 
rears selected broodstock chosen from its grow-out facili¬ 
ties in a separate nursery tank before integration with older 
broodstock. Its inland hatchery operates a clearwater re¬ 
circulation system stocking 160 larvae/L and achieving 50 
to 60% survival to metamorphosis. Larvae are fed Artemia 
nauplii and a prepared feed at a total cost of NZ$ 1500 
(US$ 1300) per 1.2 million PL batch. A batch is reared ev¬ 
ery 3 to 4 months (4 million PL/yr); the hatchery has a total 
capacity of 1.2 million PL/month but its grow-out require¬ 
ments do not necessitate continuous co-operation. No dis¬ 
ease problems have been experienced in this hatchery (or at 
any stage in its integrated production cycle). PL are stocked 
into the twenty 40 m 2 nursery tanks at 1000 PL/m 3 and fed 
commercial 1 to 4 mm pellets for a period of a minimum 
of 8 weeks to produce 0.5 to 5.0 g juveniles (sometimes ju¬ 
veniles are retained in nursery ponds as long as 5 months 
if there is not sufficient grow-out space in the farm). The 
5.3 ha farm has 19 grow-out ponds with sizes ranging from 
0.185 to 0.405 ha. These are filled with geothermally heated 
water at 28°C. Nursery-reared juveniles are stocked into 
rectangular (lOOmx 20mx lm deep) grow-out ponds at 
10/m 2 . Lime is added to the ponds at 250kg/ha/cycle. A 
commercial feed costing NZ$ 3350/t (US$ 2900/t) in 2007 
with an FCR of 1.2 to 1.8:1 is applied by tractor-powered 
spreader 5 days/week at 3% BW/day. The feeding rate is 
reduced if algal blooms occur. There is some predation by 
cormorants. Each pond is batch harvested twice per year 
by draining (this process takes a maximum of 12 hours 
and harvests 90% of the prawns; the remainder is manually 
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harvested). The prawns are batch-harvested by draining af¬ 
ter a 3-month rearing cycle; the average size at harvest is 
25 g or more. 

Prawns are put through a high-volume cold water wash 
and then placed into an ice slurry at 1°C for 2 to 3 hours 
before processing commences. Ninety-five percent of the 
farm’s output is consumed in its own restaurant and the 
rest is sold farm-gate at NZ$ 20/kg head-on. The farm has 
more than 150 000 visitors annually and provides a half- 
hour hatchery tour throughout a 5-hour daily period. Fifty 
per cent of its visitors are foreign tourists. The farm is ex¬ 
ploring the possibility of establishing some satellite farms 
to increase annual production. The product is regarded as 
‘environmentally clean’ and, as imported prawns become 
more expensive, the locally-produced higher-quality prod¬ 
uct is expected to be able to achieve higher market value. 
It is believed that there may be room for the expansion 
of freshwater prawn farming in New Zealand but probably 
this will be in combination with freshwater fish and herbs. 
Constraints include the availability of heat sources for the 
farming of this tropical species in a temperate climate, the 
availability of clean water and flat land, the extremely high 
cost of feed (imported from Australia), and bureaucratic 
problems. Using the technology developed on this farm in 
New Zealand, similar ventures are being explored in Chile, 
Iceland and some tropical South Pacific islands. 

17.7.2.2 Enhancement 

M. rosenbergii is not indigenous in New Zealand. No 
culture-based fisheries of this species or enhancement ac¬ 
tivities involving any other freshwater prawn species have 
been reported. 

17.7.3 Other Oceanic countries 
17.7.3.1 Farming 

Some research and development activities occurred in 
Australia in the past. There were some attempts to farm 
M. rosenbergii in the early and mid-1980s in Queensland, 
the Northern Territory and Western Australia but none 
of these commercial ventures were successful. In 2007, a 
promising larval trial with an eastern Australian wild strain 
was reported to be taking place at James Cook University. 
There is also a small and limited recreational fishery for this 
species in the northern states but there is no commercial 
freshwater prawn farming in Australia at present. 

Following the introduction of M. rosenbergii from Hawaii 
or Thailand, prawn farming was active for over 25 years in 
French Polynesia (Tahiti). Initial commercial production 
was first recorded in 1976 (21) and rose to a peak of 20 t/yr 
in 1988 and 1989. In 1991 there were 4 freshwater prawn 


farms, with a total area of 14 ha, and a single hatchery. 
Three million PL and 181 of prawns were produced at that 
time. Production gradually declined from 1990 onwards 
and the last production listed by the FAO was 1 t/yr in 2000 
to 2003. No production has been recorded since then and 
no activity existed in 2008, by which time the farming of 
the blue shrimp Litopenaeus stylirostris was dominant, with 
an interest in the development of marine fish farming. 

Though M. rosenbergii was the main species for aqua¬ 
culture in Guam in the mid-1970s and the FAO reported 
a small production (< 1—3 t/yr) between 1979 and 2002, it 
was reported that it had already been replaced by penaeid 
shrimp, tilapia and milkfish farming by 1999. What little 
freshwater prawn output existed at the end of the 1990s was 
in the southern portion of the island, where there is access 
to surface waters (rivers). At that time there was only one 
farm (>2 ha) that reared prawns. At that time government 
hatchery (which also produced penaeids) made freshwater 
prawn PL available for potential aquaculture developments 
in other Pacific island territories. The ownership of this 
hatchery was later transferred to the University of Guam 
and its activities are currently confined to marine shrimp 
and tilapia. No commercial freshwater prawn farming was 
reported in Guam in 2008. 

Freshwater prawn culture began in the southern province 
of New Caledonia with a pilot project in 1984, M. rosen¬ 
bergii having been introduced from Tahiti. Production of 
lt/yr was reported to the FAO in 1987, 1988 and 1989. 
Minimal production (<0.5 t/yr) was listed by the FAO until 
2003 but this is likely to have been a carry-over of infor¬ 
mation from 1987 to 1989. Technically, results were good 
in the hatchery phase but low yields were experienced in 
grow-out. Economic feasibility was poor and a decision 
was taken to abandon the pilot project. By 2007 there was 
no freshwater prawn farming activity in New Caledonia, 
which had decided to concentrate on the farming of the 
blue shrimp Litopenaeus stylirostris. This marine species 
had a higher unit value than M. rosenbergii, which made 
it more attractive from a commercial point of view. Blue 
shrimp production reached 24401 in 2005 but the industry 
was (2007) reported to be experiencing financial difficulties. 
In the west of New Caledonia, where there are sites suitable 
for freshwater prawn culture, dry weather and limited water 
resources make development difficult. For the moment, in 
the present uncertain economic situation of marine shrimp 
farming, it seems unlikely that the farming of M. rosenbergii 
will recommence in New Caledonia in the near future. 

In Vanuatu, there was reported (2007) to be an interest 
in introducing M. rosenbergii for farming, and government 
fisheries staff had already received hatchery training in Fiji. 
Previously, activities in Vanuatu had concentrated on small- 
scale trials on the capture-based rearing of the indigenous 
monkey river prawn ( Macrobrachium lar) (Chapter 23) 
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and minimal farmed production was reported to the FAO 
in 2007. Similar studies are being conducted on Fortuna 
(Wallis and Fortuna). If the work on Macrobrachium lar 
is successful, this activity may be suitable for creating a 
livelihood for Kanak people in rural communities. 

A possible freshwater prawn venture using geothermal 
farming technology is being explored in tropical South 
Pacific islands by a group from New Zealand (see section 
17.7.2). Minor research and development activities associ¬ 
ated with the farming of M. rosenbergii were reported two 
decades ago in other Pacific islands, including the Federated 
States of Micronesia, Palau and Samoa. Though there used 
to be a freshwater prawn farm in the Solomon Islands, it 
was reported to have converted to penaeids at the beginning 
of the 1990s. No production was reported in this country 
in 2007, though there was a subsistence fishery. In 2007, 
there was stated to be current interest in the potential of 
freshwater prawn farming in the Cook Islands, Papua New 
Guinea and Samoa, but there was no production in those 
countries or any activity in American Samoa or Palau. 

17.73.2 Enhancement 

No enhancement or culture-based fisheries activities of any 
freshwater prawn species have been reported to date. 

17.8 Citations 

Most of the information in this chapter has been provided 
through personal contacts and questionnaires. Those that 
helped us are recognised in the acknowledgements sec¬ 
tion of this book. Supplementary information was also ob¬ 
tained from published information, which has been cited 
here and referenced in section 17.9. International-. Antho- 
nysamy (2008); FAO (2008/2009); Goddard (2008); Kutty 
et al. (2008, 2009); Nair et al. (2007); New (1990, 1995, 
1997, 2005); New 8c Valenti (2000); New et al. (2000, 
2008); Rabanal (1979); Rosenberry (2006); Bangladesh: 
Ahmed (1998, 2008a,b); Ahmed et al. (2007, 2008a,b); 
Akand 8c Hasan (1992); Anonymous (1997); Asaduzzaman 
et al. (2006); Edwards (2006); Hossain (2007); Hossain 
et al. (2009); Ito (2004), Karim (2005a,b); Uddin (2007); 
Williams (2007); Brazil: Valenti (1998, 2007); Valenti 8c 
Moraes-Riodades 2004; China: Anonymous (2002, 2003); 
Cen 8c Zhang (1998); Miao (2005,2006); Miao 8c Ge (2002); 
Wang 8c Qianhong (1999); Zhu et al. (1998); Dominica: 
New (1978); Weidner et al. (1992); Dominican Republic. 
Weidner et al. (1992); Colombia: Weidner et al. (1992); 
Ecuador. Weidner et al. (1992); Egypt Sadek (1998); Sadek 
8c El-Gayar (1995); Sadek 8c Moreau (1996, 1998, 2000); El 
Salvador. Sandifer et al. (1992); Guyana: Geer (2008); Hon¬ 
duras: Anonymous (2008a); India: Anonymous (2007a,b); 
Chandrasekar et al. (2006); Harikrishnan 8c Kurup (1997); 


Kurup 8c Harikrishnan (2000); Nair 8c Salin (2006); Nair 
et al. (2007); Nandeesha (2003); Wilkinson (2008); In¬ 
donesia: Taw (1997); Iran: Fish Site News (2006); Matinfar 
(1992); Jamaica: Aiken et al. (2002); Malaysia: Ang (1989); 
Anonymous (2008g); Singh 8c Vijiarungam (1992); Myan¬ 
mar: Anonymous (1996, 2008b); Taw (1997); N. Taw, pers. 
com. 2008; New Zealand: Lund 8c Klein (1998); Pakistan: 
New (1996); Yaqoob (1994, 2007); Paraguay. Weidner etal. 
(1992); Philippines: Anonymous (2007c); Tayamen (2007); 
Russia: Anonymous (2001b); Sri Lanka: Jayasekara (2007); 
Jayasinghe et al. (2005); Wijenayake et al. (2005); Taiwan: 
Lo 8< Hwang (1994); Thailand: Anonymous (2001a, 2005, 
2008d,e); Boonyaratpalin 8c Vorasayan (1983); Kongkeo 
etal. (2008); Potaros 8cMethong (1993); Schwantes (2007); 
Schwantes et al. (2007); Sripatrprasite 8c Kwei Lin (2003); 
Tunsutapanich et al. (1997); Yi et al. (2007); USA: Anony¬ 
mous (2004, 2006, 2007d, 2008c,f); D’Abramo (2006); 
Lienau (1991); Lutz (2002); Parker (2008); Venezuela: Jory 
et al. (1999); Vietnam: Hien et al. (1998); Lam (2006); 
Phuong et al. (2006, 2007); Vu et al. (2005); West Africa: 
Brown (2005). 
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Correct handling and post-harvest treatment is fundamen¬ 
tal to the economic success of farming Macrobrachium 
rosenbergii. Mishandling can result in a severe reduction 
of product quality and value. Deterioration of freshwater 
prawns first affects texture; an unpleasant smell follows. The 
prawns need to be handled correctly from the moment of 
harvest until preparation in the kitchen and consumption. 

If prawns are not to be sold live, it is necessary to en¬ 
sure that they are killed rapidly after harvesting. This can 
be achieved by chilling immediately after being washed. If 
the prawns are to be sold chilled within 4 days, they can be 
maintained at 0°C. If they are to be quick frozen, they need 
to be maintained at —35°C. They can be maintained frozen 
without significant quality loss for up to 6 months. 

The consumer needs to be satisfied with the product. 
M. rosenbergii is a species that may be considered a ‘new’ 
product in many parts of the world. It is vital that its pur¬ 
chasers have a positive impression of the product and that 
this impression is maintained throughout the distribution 
channels. Product image may take years to build, but can 
be destroyed in a very short time. 

This chapter presents the intrinsic characteristics of M. 
rosenbergii in terms of its composition and yields, its flavour 
and texture characteristics and the effects of the deteriora¬ 
tion phenomenon and specific processing treatments. 


18.1 Intrinsic characteristics 

18.1.1 Composition 

The proximate composition of various sizes of M. rosen- 
bergii was analysed by Lobao etal. (1988), who reported av¬ 
erage values of 76.2% moisture, 20.7% protein, 0.7% lipids 
and 1.2% ash. The composition of freshwater prawns grown 
at Mississippi State University (J.L. Silva, unpublished data) 
was 0.4% fat and 19.6% protein. On the other hand, Chan- 
mugam et al. (1983) reported a higher content of lipids 


(3.18%) in the freshwater prawn M. rosenbergii than in 
the marine shrimp, Farfantepenaeus aztecus (1.33%). Com¬ 
paring the composition of marine shrimp with freshwa¬ 
ter prawns, these authors found a higher concentration of 
triglycerides in M. rosenbergii (730 mg/g fat) than in the ma¬ 
rine shrimp (213 mg/g fat) The n-6 polyunsaturated fatty 
acid (PUFA) content was higher in the freshwater prawns, 
while the n-3 series PUFAs were higher in marine shrimp, 
due mainly to the great concentration of linoleic acid in the 
former (16.2% versus 2.9%). Chanmugam etal. (1983) also 
found a level of 1.13 mg/g of cholesterol in the tail meat of 
M. rosenbergii , whereas P. aztecus contained 0.90 mg/g. 
However, contrary to the findings of these authors, 
D’Abramo et al. (1993) reported that M. rosenbergii has 
lower levels of cholesterol than marine shrimp; freshwater 
prawns also have lower levels of iodine than marine shrimp 
or marine fish. In addition, Silva et al. (1989) reported 
that the cholesterol content of prawn tail tissue ranged 
from 0.71 to 0.98 mg/g compared to 1.25 mg/g in marine 
shrimp, while iodine values were 0.14 mg/kg for medium¬ 
sized prawns (30 g whole weight) compared to 0.80 mg/kg 
for marine shrimp and 0.83 mg/kg for marine fish. These 
findings indicate a possible means of promoting freshwater 
prawns as a healthy product. 

18.1.2 Yield 

The yield of M. rosenbergii depends on its sex and size (New 
1990). As the size increases, the percentage of tail meat 
decreases. Females yield a significantly larger proportion 
of tail meat than males, independent of size. The claws of 
females are small and have a relatively constant relationship 
to the total weight (2.8%). Male claws are larger, and the 
claw percentage increases with the size of the male. Thus, 
in males of 20 g the claws are 4.3%, while in 100 g males 
the proportion is 14.3% (Smith et al. 1980). The yield of 
M. rosenbergii tail meat is lower than that of marine shrimp 
(47.6%, as opposed to 62.9%). The freshwater prawn yield 
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Table 18.1 Yield of freshwater prawn (M. rosenbergii) 
by size category. (Reproduced with permission from 
Silva et at. 1989. 


Category 

Tail yield 

Total meat 
yield % 

Meat from 
tail yield % 

Small 

55.9 

45.4 

81.1 

Medium 

52.5 

42.9 

81.6 

Large 

48.6 

n.a. 

n.a. 

Jumbo 

44.5 

n.a. 

n.a. 

Female-egg bearing 

56.2 

35.8 

63.7 


of edible meat, however, is greater than other crustaceans 
and fish such as lobsters (36%), crabs (15%), tilapia (35%) 
and mullet (41.9%) (Smith et al. 1980; Contreras-Guzman 
1995). Silva et al. (1989) investigated the yield of prawns of 
different sizes and of egg-bearing (berried) females (Table 
18.1). These authors found an inverse relationship between 
size and tail yield. This is because as prawns grow, the head 
section grows at a faster rate than the body section. 

18.1.3 Flavour 

The production, processing and distribution of products 
originating from aquaculture are more controllable than 
those from capture fisheries. Thus, parameters which affect 
flavour can be more effectively controlled. However, there 
has been little research published on this topic (Johnsen 
1989). Morh (1986) concluded that more knowledge was 
needed concerning the relationship between cultivation 
methods, nutritional factors and the quality of fish in gen¬ 
eral; information of this nature at that time was very limited, 
indicating a potentially valuable area for future research. 
The flavour of fish, crustaceans and molluscs originates 
from extractable compounds of low molecular weight that 
are soluble in water or saliva during mastication. These 
substances are more abundant in crustaceans and molluscs 
than in fish, which accounts for what many would regard 
as their superior palatability (Konosu 8c Yamaguchi 1982). 

The extractable compounds can be divided into two ma¬ 
jor groups. The first category comprises the component 
non-protein nitrogen (NPN), which mainly includes free 
amino acids (FAA), quaternary ammonia compounds and 
nucleotides. The second category includes non-nitrogenous 
compounds such as organic acids, sugars and inorganic 
compounds. 

18.1.3.1 Role of free amino acids 

Free amino acids (FAA) may be used as a parameter to 
determine bacterial deterioration. They are also an im¬ 
portant part of the ‘typical shrimp flavour’ (Rangaswamy 


et al. 1970). According to Robertson & Cowey (1992), FAA 
present in the muscle are a balance between those supplied 
from the digestion of proteins, those liberated from the 
breakdown of cellular proteins, and those used for protein 
synthesis and as an energy source. 

The muscle extracts of shrimp and lobster are similar to 
other marine invertebrates. These are characterised by the 
large amount of free glycine (Konosu 1979). Yamaguchi 8c 
Watanabe (1990) observed that the content of free glycine 
was directly related to the flavour of marine food, suggest¬ 
ing that this amino acid has an important part to play in the 
sweet flavour of crustaceans. Alanine, proline and serine 
also produce a sweet flavour (Birch 8c Kemp 1989), con¬ 
tributing to the characteristic shrimp taste. Glutamic acid 
does not produce a sweet flavour but it enhances the effect 
of other amino acids (Maga 1988). 

Work by Reed 8c D’Abramo (1989) indicated that the 
amino acids responsible for the ‘typical shrimp flavour’ 
noted above (namely glycine, alanine, proline and serine, 
together with the enhancer, glutamic acid) constituted up 
to 70% of the total FAA of tail muscle tissue when freshwa¬ 
ter prawns were fed standard reference diets. The FAA of 
M. rosenbergii are qualitatively similar to those found in 
marine shrimp, but prawns have a more subtle flavour than 
marine shrimp, a characteristic which provides chefs with 
more culinary options and may be compared to the differ¬ 
ence between veal and beef. 

18.1.3.2 Effects of the rearing environment 

In addition to the intrinsic factors of genetic load or hered¬ 
ity, the composition of extractable compounds is influenced 
by salinity, feeding, season, origin and freshness (Konosu 8c 
Yamaguchi 1982). Flavour is one of the most important 
elements of food quality. It has been demonstrated that FAA 
aid in the osmoregulation in aquatic animals (Gilles 1979) 
and that they are the key ingredients of flavour (Konosu 8c 
Yamaguchi 1982). Thus, increases in the salinity of the 
rearing environment may result in prawns with a better 
‘characteristic flavour’. 

Besides the amino acids, inorganic ions and salinity con¬ 
tent play an important part in the osmoregulation of aquatic 
animals. The effect of salinity on FAA content and flavour 
has been demonstrated in a number of shrimp and finfish. 
Papadopoulos 8c Finne (1986) studied the effect on these 
components after the acclimation of F. aztecus to salinities 
of 10 and 50 p.p.t. The shrimp that were exposed to diluted 
and concentrated marine water had an increase and a de¬ 
crease in the moisture content of their tails, respectively. 
On the other hand, the amount of chloride in the tissue in¬ 
creased with increasing salinity. These workers also studied 
the effect of salinity on the flavour characteristics of Litope- 
naeus vannamei and demonstrated a difference between 
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those placed in 10 p.p.t. compared to 50 p.p.t. and between 
those in 30 p.p.t. compared to 50 p.p.t. However, no signifi¬ 
cant difference in flavour was detected between those in 10 
and 30 p.p.t. Similar results were obtained in FAA content. 
Gerard & Gilles (1972) observed that the FAA of the crab, 
Callinectes sapidus, fell from 416.25 to 301.81 mMol/kg (wet 
weight) when transferred from seawater to a 50:50 mixture 
of seawater and freshwater. The level of glycine, the amino 
acid most responsible for flavour, declined by 22%. Fish also 
experience alterations in body composition when they are 
transferred from freshwater to seawater. Although flavour 
changes have not been documented, Venkatashari (1974) 
observed that the level of FAA in Oreochromis mossambicus 
increased from 552 to 1009 mg/100 g of muscle when trans¬ 
ferred to seawater. Daikoku & Sakagushi (1992) verified 
that the content of trimethylamine oxide increased from 2 
to 12 mg/100 g when Anguilla anguilla was transferred from 
freshwater to seawater. 

Working with M. rosenbergii , Madrid (1994) studied the 
effect of the osmoregulation process and feed on flavour, by 
comparing the flavour of M. rosenbergii fed on an enhanced 
diet and subjected to various salinities with the flavour of 
prawns fed a non-enhanced diet and kept in freshwater and 
the flavour of Farfantepenaeus paulensis fed normal feed 
and kept in seawater. In each case the prawns or shrimp 
were microwaved and offered to a trained taste panel. Af¬ 
ter 5 days of feeding M. rosenbergii on the diet containing 
traditional ingredients enhanced by flavour precursors and 
other substances included to reduce the effect of osmoregu¬ 
latory stress (glycine, sodium chloride, potassium chloride, 
lecithin and glucose), prawns were placed in aquaria con¬ 
taining water of 10, 20 and 25 p.p.t. salinity for 72 hours. 
At 10 p.p.t., the flavour of the freshwater prawns was not al¬ 
tered significantly; M. rosenbergii is a strong hyper-regulator 
at this salinity. However, after only 24 hours at 20 and 
25 p.p.t. salinity, the extractables increased to an amount 
similar to that in the F. paulensis. The control M. rosen¬ 
bergii were given a slightly negative taste evaluation, while 
the F. paulensis were given a strongly positive evaluation. 
After 48 hours at 20 and 25 p.p.t. salinity, there were no 
significant differences in terms of taste between the fresh¬ 
water prawns and the marine shrimp. The effects of seawa¬ 
ter acclimation on the chemical and sensory properties of 
adult M. rosenbergii have also been studied by Weng et al. 
(1997). Salt and FAA content of prawns increased steadily 
throughout the test period in seawater-acclimated prawns. 
At first (< 18 h) their moisture content initially decreased 
but later increased during the trial period. Significant dif¬ 
ferences in flavour were detected between baseline (Oh) 
and seawater-acclimated prawns. However, taste panellists 
could not distinguish between prawns acclimated for 18, 
36 or 54 hours. The panellists expressed a preference for 
seawater-acclimated prawns. Thus, seawater acclimation, 


even for as short a period as 18 hours, significantly im¬ 
proves the flavour of freshwater prawns. Such acclimation 
procedures clearly make the flavour of freshwater prawns 
resemble that of marine shrimp. However, this is not nec¬ 
essarily desirable. Macrobrachium should be marketed as 
a distinct product, rather than a direct competitor to ma¬ 
rine shrimp, by emphasising its subtle flavour. In some 
cases having products with an intense flavour limits cooking 
options. 

Generally, the flavour of aquatic species is attributed to 
low molecular weight water-soluble compounds, composed 
of NPN and inorganic salts. No effect has been established 
for lipids (Konosu&Yamaguchi 1982). Seasonal variationin 
the extractable compounds of adults is related to the period 
of spawning in some species. If this applies to freshwater 
prawns, it might have an impact on the management of size 
variation (Chapter 16) and harvesting. 

Few studies have been carried out on the effect of feeding 
on the flavour of crustaceans. Japanese importers recom¬ 
mend Taiwanese marine shrimp producers to use a spe¬ 
cial diet, of a specific commercial brand, to enhance their 
flavour (S. Eys, pers. comm. 1990). On the other hand, Reed 
& D’Abramo (1989) reported that there is no relationship 
between the amino acids supplied in the diet and the FAA 
found in the intracellular liquid of M. rosenbergii prawn 
muscle. In any case, it is possible that, should dietary com¬ 
position be shown to affect the flavour of M. rosenbergii, 
feeding a special diet may only be necessary for a few days 
before harvest. 

18.1.3.3 Influence of handling and processing 

Freshness is a major factor influencing flavour; however, 
the flavour of some species improves some time after death. 
This can be explained by a great diversity of (mainly enzy¬ 
matic) reactions that cause increases or decreases in FAA, 
nucleotides, etc., during storage (Kietzman et al. 1974; 
Konosu & Yamaguchi 1982; Assad 1997). Thomson et al. 
(1980) recommended that it is necessary to identify the 
compounds that, after cooking, produce the flavour of 
the species before studying the storage of seafood. The 
changes that occur in flavour during storage can then be 
better understood. Though almost no specific studies on 
the influence of handling and processing on the flavour of 
M. rosenbergii exist, it is reasonable to assume that studies 
with other decapods are relevant. 

Shrimp and prawns lose flavour while stored on ice. Stud¬ 
ies by McCoid et al. (1984) established that there is a cor¬ 
relation between the loss of FAA in the tail of the shrimp 
Litopenaeus setiferus and the increase in the bacterial load. 
Cobb et al. (1974) obtained similar results, but also deter¬ 
mined that a great part of the loss of FAA was because of 
physical factors, not biochemical transformations. When 
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shrimp are placed directly in contact with ice, water leaches 
soluble substances, such as FAA, from the surface. In this 
study, the shrimp were also stored on ice, but without direct 
contact. After 6 days under these conditions, the shrimp had 
a similar concentration of FAA to the initial state. Cobb etal. 
(1974) observed that the relationship between total nitrogen 
and N-amino acids did not increase significantly until the 
level of bacteria reached 10 7 /ml. Flores & Crawford (1973) 
found that the flavour of Pandalus jordani improved during 
the first 4 days of storage on ice. After this period flavour 
decreased and, at the end of the eighth day, the flavour was 
similar to that of the first day. 

Matsumoto & Yamanaka (1990) observed that the con¬ 
centration of adenosine triphosphate (ATP) in Marsu- 
penaeus japonicus stored at 0°C decreases quickly, while 
adenosine monophosphate (AMP) and inosine monophos¬ 
phate (IMP) accumulate. When M. japonicus reaches a K 
value (an index used to evaluate the quality by means of the 
degradation of the nucleotides) corresponding to 20%, de¬ 
terioration has begun. Nakamura & Ishikawa (1986), using 
organoleptic evaluations, found that M. japonicus could be 
held for a maximum of 3 days stored at 2°C for sashimi or 
sushi preparation. 

Temperature is a very important factor in shelf life. Based 
on sensory evaluation, Shamshad etal. (1990) determined 
a shelf life of 13 days, 7 days and 3 hours for Fenneropenaeus 
merguiensis, stored at 0, 15 and 35°C, respectively. Shaban 
et al. (1987), studying the effect of different temperatures 
of frozen storage on M. japonicus , concluded that quality 
is maintained for a long storage period at -40° C. On the 
other hand, at -20°C, storage is limited to a few months. 
Silva et al. (1989) reported that raw, blanched (3 min at 
100°C), or dipped in 0.3% sorbic acid, prawns did not 
affect sensory scores for up to 9 days when held refrigerated 
at 2°C; however, when ice was added and held at the same 
temperature, raw and blanched prawns kept for up to 16 
days. However, though these authors suggested that 8 days 
is the maximum recommended time in refrigeration and 
12 days is the maximum recommended holding time on ice 
at 2°C. a shorter time than this is suggested as advisable in 
Chapter 19. Furthermore, the authors of the current chapter 
discuss the problems of mushiness that may occur during 
the prolonged chilled storage of freshweater prawns (see 
section 18.1.4). 

Reddy etal. (1981) studied the changes in fatty acids and 
quality of M. rosenbergii during frozen storage. The fatty 
acids, especially the unsaturated fatty acids, experienced a 
reduction in 6 months at -18°C, but rancid flavours af¬ 
fecting product quality were not detected. Silva & Han- 
dumrongkul (1991) studied live prawns frozen in a C0 2 
freezing tunnel for about 10 minutes, water glazed, placed 
in polyethylene bags, and packed in 15 lb (6.8 kg) cardboard 
boxes. After storage at -18°C for up to 225 days, groups of 


prawns were boiled for 7 minutes while still frozen (con¬ 
trol) and after thawing for 4, 8, 12, 24, 30, 36 and 48 hours 
at 2°C. These authors concluded that live prawns can be 
cryogenically frozen and kept in frozen storage for up to 
7.5 months. Prawns should be cooked unthawed, or after 
thawing for not more than 4 to 8 hours. 

Karim (2008), noting that freshwater prawn farming, 
together with its processing and export, is a major eco¬ 
nomic activity in Bangladesh, reported that the EU, USA 
and other importing countries are becoming more strin¬ 
gent about food safety. This author commented that, in 
recent years, importing countries had imposed several non¬ 
tariff trade conditions or barriers to ensure that only safe 
food was imported. New and stricter standards in respect 
of antibiotics, heavy metal, pesticides, hormones and other 
hazardous residues in food are being imposed. Besides food 
safety, the importing countries also require that food must 
be produced, processed and exported in an environment 
friendly and socially responsible manner and in compliance 
with national labour rules. With these factors in mind, the 
Bangladesh Shrimp and Fish Foundation (BSFF) has been 
promoting public-private sector partnership in developing 
a Code of Conduct for all levels of stakeholders, includ¬ 
ing operators of prawn hatcheries, farms, feed mills and 
processing plants. Efforts are concomitantly being taken to 
motivate the stakeholders to comply with the Codes. The 
Government, in consultation with the industry stakehold¬ 
ers and BSFF experts, is making necessary changes in the 
fisheries quality control legislations, obligating all stake¬ 
holders, including the freshwater prawn hatchery, farm, 
feed mill and processing plant operators, to comply with 
the food safety, environmental, social and labour rights 
codes. 

In all the stages of post-harvest handling and process¬ 
ing, adherence to Best Management Practices and Good 
Manufacturing Practices (GMPs) (FDA 2003) and Sanita¬ 
tion Standard Operating Practices (SSOPs) (FDA 1995) are 
essential to the production of wholesome and safe prawns. 
These practices comprise a set of eight points that should be 
monitored and recorded as minimum requirements (Box 
18.1). The principles of HACCP (Hazard Analysis and Crit¬ 
ical Control Point) are also an essential part of a safe pro¬ 
duction process (FDA 1995). A model flow diagram and 
HACCP plan for fresh and frozen prawns, head on or head¬ 
less, is given in Figure 18.1 and Table 18.2. For fresh prawns, 
it is recognised that if prawns are handled manually (headed 
manually), the only critical control point is at reception, 
where the prawns have to be certified as free from drug 
residues and chemical contaminants. The appearance of the 
product is also important. As with finfish, some prawn dis¬ 
eases and parasites compromise marketability. These topics 
and the dangers of contamination from the medications 
sometimes used in farming are discussed in Chapter 14. 
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Box 18.1 Sanitation standard operating procedures for 

seafood products, 21CFR123.11. (Source: FDA, 1995.) 

(1) Safety of the water that comes into contact with 
food or food contact surfaces, or is used in the 
manufacture of ice. 

(2) Condition and cleanliness of food contact surfaces, 
including utensils, gloves, and outer garments. 

(3) Prevention of cross-contamination from 
insanitary objects to food, food packaging 
material, and other food contact surfaces, 
including utensils, gloves, and outer garments, and 
from raw product to cooked product. 

(4) Maintenance of hand washing, hand sanitizing, 
and toilet facilities. 

(5) Protection of food, food packaging material, and 
food contact surfaces from adulteration with 
lubricants, fuel, pesticides, cleaning compounds, 
sanitizing agents, condensate, and other chemical, 
physical, and biological contaminants. 

(6) Proper labeling, storage, and use of toxic 
compounds. 

(7) Control of employee health conditions that could 
result in the microbiological contamination of 
food, food packaging materials, and food contact 
surfaces. 

(8) Exclusion of pests from the food plant. 


18.1.4 Texture 

Flavour and texture may be inter-related but it is much eas¬ 
ier to relate overall texture (as determined, say, by a taste 
panel) to physical measurements. Texture may be evaluated 
by sight, touch and taste at the time of mastication. Food 
is physically broken down during initial mastication and is 
soon reduced to small pieces before it is ingested. During 
this process, its size and form changes and its superficial 
characteristics are noticed (Izutsu & Wani 1985). In meat, 
flavour and texture are the characteristics that determine its 
acceptance (Pearson etal. 1983). Rasekh etal. (1970) stated 
that the acceptance of cooked fish depends more on flavour 
than on texture. However, texture is a determinant of accep¬ 
tance for seafood with subtle flavour characteristics, such 
as M. rosenbergii (Wesson etal. 1979). Fish, crustacean and 
molluscan muscles in general have little connective tissue 
(though most is collagen), which explains their easy disin¬ 
tegration during cooking (Dunajski 1979). The collagen of 
M. rosenbergii lacks some of the cross linkages, making it 
more susceptible to enzymatic degradation. 

According to Baranowski et al. (1984), the production of 
M. rosenbergii was considered a high priority in the 1978 
Aquaculture Development Plan of Hawaii but its short shelf 
life on ice was identified as a limiting factor for its develop¬ 
ment. In their experience, after 4 days storage, the texture 
of the tail became ‘mushy’ after cooking. These workers 
found that this phenomenon was more pronounced in the 
first tail segment, adjacent to the hepatopancreas. Angel 
et al. (1986a) defined the characteristic termed ‘mushy’ as 


Fig. 18.1 Flow diagram for a freshwater 
prawn process, head-on orde-headed, iced 
or frozen. (Reproduced with permission of 
Silva & Handumrongkul 1991.) 







































































Table 18.2 Model HACCP plan for head-on or de-headed, iced packed or frozen, hand processed freshwater prawns. 
(Source: adapted from FDA 1998a, 1998b.) 
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a texture that does not offer bite resistance and possesses 
a floury consistency. Nip et al. (1985) identified the term 
‘mushiness’ as the easy separation in flakes (‘flaking’) of the 
abdominal tissue of cooked prawns, mainly in the first tail 
segment, and the total absence of tail integrity in shelled and 
cooked prawns. In the early days of the freshwater prawn 
industry in the USA, its commercial success was hindered 
by its short shelf life (only 3 to 4 days if refrigerated without 
ice, longer with ice) in the fresh chilled form. After this time, 
M. rosenbergii can turn mushy, experiencing a pronounced 
loss of muscle integrity, which consumers do not appreciate 
(Rye et al. 1988). Despite this, Silva et al. (1989) reported 
that a taste panel in Mississippi did not notice significant 
differences in texture of refrigerated and iced prawns for 8 
and 12 days at 2°C, respectively. 

Rowland et al. (1982) noted that the 1980 US National 
Aquaculture Plan had referred to the problem of mushiness 
that had been observed in freshwater prawns imported into 
the USA. Compared to marine shrimp, this factor and vari¬ 
ations in general quality and packing generated a negative 
opinion at that time of M. rosenbergii among importers and 
caused its value to be deemed less than marine shrimp of 
similar sizes. These authors carried out a histological anal¬ 
ysis of the muscle tissue of M. rosenbergii, revealing that 
proteolytic action causes the mushiness. After 48 hours of 
storage on ice, freshwater prawn tails exhibited substantial 
muscle integrity of the Z line and the myofilaments, indicat¬ 
ing that the sarcoplasmic proteins were completely intact. 
Conversely, in head-on prawns, openings in the sarcoplasm 
were evident. 

The relationship between the degradation of myofib¬ 
rillar proteins and textural changes during the storage of 
M. rosenbergii on ice for 14 days were studied by Rye et al. 
(1988). Myofibrillar protein degradation of 113 000, 
103 000 and 80 000 daltons, and an increase of the sub¬ 
units of protein of 25 000 and 31 000 daltons was observed 
during the storage period. This increase in proteins of low 
molecular weight thus coincides with the decrease of those 
with high molecular weight, meaning that the degradation 
of the myofibrillar proteins occurred in the first days of ice 
storage. The disappearance of the alpha-actin band was also 
observed after the third day of storage. Studies have demon¬ 
strated that the alpha-actin is freed from the Z line as a result 
of a partial myofibrillar degradation caused by a calcium- 
activated enzyme. This has been one of the main causes 
of myofibrillar division. The texture loss during the first 
3 days coincided with complete break-up of the alpha-actin 
(103 000 daltons). This variation becomes more evident af¬ 
ter the seventh day, culminating with the disappearance of 
the 80 000 daltons band. 

Nip & Moy (1988) found similar results when study¬ 
ing the changes in microstructure of prawn tails, using 
a scanning electronic microscope (SEM). Measurements 


were made at 0, 3, 5 and 7 days. The observations showed 
that prawns at time 0 had an organised muscle fibre struc¬ 
ture with intact perimysium and endomysium. After 3 days, 
the muscle structure of the prawns experienced a partial 
disintegration of the perimysium and endomysium, which 
divided the muscle fibre, probably due to enzymatic action. 
On the fifth and seventh days, both layers had totally disinte¬ 
grated and were only found in small amounts. Papadopou- 
los et al. (1989) studied the ultra-structural changes that 
occurred in M. rosenbergii held on ice using an elec¬ 
tronic microscope and observed that there were no changes 
24 hours after death compared with the time of death. The 
myofibrils of the prawn were totally intact and the Z line 
and the H zone were clearly defined, without any visible loss 
of structure. After 3 days, some loss in structural integrity 
was apparent. The H zone became more diffuse, and the Z 
line began to disintegrate. Ten days after death, myofibrillar 
integrity was lost and the Z line and the H zone were com¬ 
pletely absent. These authors believed that the break-up of 
the Z line might be an explanation for the development of 
the mushiness in prawns stored on ice. 

Lee et al. (1980) studied the specific activity of ten di¬ 
gestive enzymes obtained from the hepatopancreas of M. 
rosenbergii fed with a commercially available feed. This re¬ 
search verified that an extract of the hepatopancreas exhib¬ 
ited significant activity of the following enzymes: amylase, 
trypsin, chemotrypsin, pepsin, carboxypeptidase A and B, 
and leucine aminopeptidase, as well as the lipolytic en¬ 
zymes. This enzyme profile classifies this species as an om¬ 
nivore. The mushiness of M. rosenbergii held on ice is not 
due to the action of enzymes indigenous to its muscle tissue 
but is attributed to the diffusion of proteolytic and col- 
lagenolytic enzymes originating from the autolysis of the 
hepatopancreas (Lindner et al. 1988). Even so, according 
to Lindner et al. (1989), the proteolytic activity of the hep¬ 
atopancreas is less efficient than trypsin in the degradation 
of tissue myofibrillar proteins. The collagenolytic activity 
of raw homogenised prawns is stronger than bacterial en¬ 
zymatic activity. Studies by Lindner et al. (1988) indicated 
that trypsin from homogenised hepatopancreas incubated 
at 0°C with segments of prawn has a minimal impact on 
mushiness, although fragmentation of compounds of high 
molecular weight protein myofibrils occurs. The collage- 
nase induces mushiness when there is a small amount of 
proteolytic activity. The activity of collagenase from the ho¬ 
mogenised hepatopancreas is 15 to 40 times more active on 
insoluble collagen than the trypsin. Thus, the collagenolytic 
activity diffused after the disintegration of the hepatopan¬ 
creas may be responsible for the initiation of tissue deterio¬ 
ration which leads to mushiness (Lindner et al. 1989). This 
observation was sustained by the results of a study by Nip 
etal. (1985), who observed an increase in the soluble colla¬ 
gen of prawn muscle held on ice. 
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It is important to stress that the biological characteristics 
of the live animal (genetics, chemical composition, mus¬ 
cle structure, shell structure, etc.), as well as post-mortem 
biochemical processes and handling and processing, have 
an influence on the preservation of prawn quality. These 
factors have a major impact on the structural behaviour 
of the collagen, which in turn influences the mechanical 
resistance, integrity and rheologic properties of the muscle 
(Sikorski & Scott 1984). 

Nip et al. (1985) determined the amino acid profile of 
insoluble collagen from M. rosenbergii and compared it 
with a similar study by Thompson & Thompson (1968) on 
the marine shrimp Litopenaes setiferus. Hydroxyproline and 
isoleucine levels in the freshwater prawns were respectively 
2.5 and 5 times greater than in the marine shrimp. This 
phenomenon, added to the small amount of glycine (when 
compared with other crustaceans and molluscs), as well as 
the lack of hydroxylysine in the insoluble collagen of the 
freshwater prawns, hinders the formation and stability of 
the helical triple conformation, as well as the formation of 
crossings of intra- and inter-molecular fibres. Under these 
conditions, the muscle texture of the prawns can easily 
be degraded by enzymatic action. In marine shrimp the 
development of mushiness is not observed. The texture 
of marine shrimp is influenced by pH, cooking time and 
storage but is not affected by the thawing method or by the 
concentration of soluble solids in its covering sauce (Ahmed 
etal. 1972). 

Simple recommendations for avoiding the mushiness 
that is caused by poor harvesting procedures and immedi¬ 
ate post-harvesting product treatment in freshweater prawn 
culture are provided in this chapter (see sections 18.3.1 
and 18.5) and New (2002); further reading on the topic 
is also provided in Chapter 9 of this book (see section 
9.2.4). 


18.2 Post-mortem changes 

Farmed shrimp and prawns are potentially of better quality 
than those from the capture fisheries. Harvest procedures 
can be faster and better controlled. In capture fisheries, it is 
difficult to standardise quality, or the amount caught; in the 
case of aquaculture it is possible to predict these character¬ 
istics accurately. In capture fisheries, many animals die from 
asphyxia due to the stress of handling and the volume of the 
catch. Severe delays in getting the product under ice can oc¬ 
cur when freshwater prawns are caught from rivers (Joseph 
etal. 1992). Intense stress provokes production of lactic acid, 
due to the reduced capacity of the blood to transport oxygen 
and carbon dioxide, which harms the quality of the meat. 
When the harvest is appropriately handled in aquaculture, 
biochemical and microbiological changes are minimised. 


Since deterioration processes are initiated only after rigor 
mortis, the more it is delayed, the longer the shelf life of the 
prawns. 


18.2.1 Rigor mortis 

The biochemical processes occurring during rigor mortis are 
described only in the literature concerning fish but the fun¬ 
damentals can be extrapolated for crustaceans, with minor 
modifications. Immediately after death, prawn tails are soft 
and flexible. After a certain time the muscle tissue begins to 
harden, a stage that is called rigor mortis. Shortly after that, 
the muscle becomes soft again. 

After the death of the prawn, blood circulation stops. 
This interrupts the flow of oxygen to the muscle tissues. 
The biochemical processes continue in muscles and tis¬ 
sues under anaerobic conditions. The muscle cells are still 
in a state of physiological activity; the glycogen, inorganic 
phosphate and adenosine diphosphate (ADP) are in phase 
with adenosine triphosphate (ATP) and lactic acid, caus¬ 
ing a reduction in pH. Adenosine triphosphate, which is a 
high-energy compound, produces a shock-absorbing com¬ 
ponent among the muscle filaments that are separate and 
soft, and the muscle tissue is still flexible. Cellular en¬ 
zymes decompose ATP; despite this the cells are still ca¬ 
pable of synthesising ATP for phosphorylation of ADP for 
a few hours after death. The energy for this process is pro¬ 
vided by glycogen and the inorganic phosphorus is ob¬ 
tained by creatine phosphate decomposition. When this 
process ceases, ATP disappears from the cells, thus nothing 
prevents the intimate association between structural pro¬ 
teins and actinin and myosin. Thus, strong connections 
among these proteins are formed and muscular contrac¬ 
tion is induced, forming actimyosin. The muscle tissue 
then becomes hard and rigid, the condition described as 
rigor mortis. The speed of ATP exhaustion in the muscle tis¬ 
sue of the prawns is determined by the initial amounts 
of creatine phosphate and glycogen at the moment of 
death. 

In addition to the impact of the harvesting process, tem¬ 
perature has a preponderant affect on this phenomenon. 
The higher the stress on the prawns during harvest and 
the higher the temperature, the less time will elapse before 
rigor mortis occurs and it will be less intense. A lingering 
pre-rigor phase will correspond to an extensive rigor mortis, 
which is very convenient because in this phase the animals 
still have their natural defences intact. It produces a slightly 
acid pH, which inhibits many indigenous micro-organisms 
and enzymes and, more importantly, the tissue has a closed 
(contracted) muscle structure, which slows down the rate of 
enzymatic and microbiological decomposition (Contreras- 
Guzman 1995). 
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18.2.2 Spoilage 

Crustaceans spoil more rapidly than finfish, due to the high 
content of metabolites of small molecular weight, as well 
as the FAA, which are readily available as nutrients for bac¬ 
teria. The level of low molecular weight compounds varies 
according to salinity, amongst other factors, which is why 
most freshwater species have a longer shelf life than marine 
species. To determine the degree of deterioration, it is nec¬ 
essary to define the parameters that should be considered 
in the evaluation of changes in quality, to specify the point 
at which the prawns are no longer edible. It is important 
to note that quality is defined by the consumer. In other 
words, if the quality evaluated at the moment of purchase 
does not satisfy the expectations of the consumer, he or she 
simply does not buy the product. 

The colour, texture and flavour changes that occur during 
the deterioration process may be accompanied by chemi¬ 
cal and microbiological changes, but the absolute values 
of acceptability are those measured in a preference scale 
through an organoleptic evaluation. This concept is funda¬ 
mental in order to understand the progressive biochemical 
and microbiological changes that happen during storage. 
A simple form of measuring the organoleptic variations of 
colour, texture and flavour is to use a hedonic preference 
scale which ranges from 0 to 10, the lowest figure being very 
bad and the highest very good. 

It is very difficult to separate the intrinsic biochemical 
processes that are produced in the muscle tissue after the 
death of the prawns from those associated with bacterial 
development. The combined effect of the accumulation or 
elimination of muscle and microbial metabolites produced 
by autolysis or microbial enzymes provokes changes in the 
raw material, which are characterised as deterioration. 

After prawns die, before microbial growth becomes sig¬ 
nificant, the main changes that affect quality are caused by 
nucleotide degradation through the glycolytic cycle. In this 
phase an intensification of the flavour is produced. Later, 
progressive loss of pentose-phosphate and degradation of 
flavour intensifiers, such as inosine monophosphate (IMP), 
occurs. The transformation of ATP into IMP is produced 
through glycolytic reactions. In their turn, autolytic en¬ 
zymes cause the degradation of IMP into inosine. During 
the decomposition of nucleotides, other nitrogenous com¬ 
pounds also begin to degrade. The speed ofthis process is in¬ 
creased by the higher concentration of exogenous enzymes 
that originate from the growing population of bacteria. 

While the meat of live prawns is free from micro¬ 
organisms, the internal and external surfaces (shell and 
viscera) are loaded with them. During the deterioration 
process, qualitative and quantitative changes occur in the 
microbial flora. In warm waters, the mesophyll Gram¬ 
positive flora prevail, highlighting such genera as Micro¬ 


coccus, Corineformes and Bacillus. At the beginning of the 
deterioration process, there are significant increases in the 
levels of the genera Pseudomonas and Alteromonas, which 
cause the putrid smell characteristic of the degradation of 
the sulphur-amino acids. Lalitha & Surendran (2006) re¬ 
ported mesophilic and psychrotrophic counts of 6.9 and 
4.1 log colony forming units per gram, log cfu/g, on whole 
prawns. They found significant numbers of enterococci 
and faecal coliforms, with increased number of enterococci 
and Staphylococcus aureus following de-heading. The major 
groups of bacteria reported were Aeromonadaceae, Enter- 
obacteriaceae and Pseudomonas. Other pathogens found 
were Aeromonas hydrophila, Clostridum perfringens and 
Enterococcus spp. 

In crustaceans, especially in M. rosenbergii, enzymatic 
activity has a major effect on quality. The enzymes liberated 
from the digestive glands have specific activities when the 
prawns are alive but, when the animals die, they promote a 
deterioration in the meat, causing mushiness. The speed of 
this action is directly related to storage temperature. 

18.2.3 Shelf life 

Despite the general consensus that textural changes were 
originally a problem in the development of M. rosenbergii 
cultivation (see section 18.1.4), the information available 
has not clearly elucidated when this negative characteristic 
becomes perceptible while the prawns are held on ice. 

According to Passy et al. (1983), the original quality of 
prawns, in terms of microbial count and hypoxanthine con¬ 
tent, is important. The initial microbial load can be reduced 
significantly by de-heading and intensive washing. Packing 
in ice prevents desiccation and lengthens the microbial lag 
phase from 1 to 2 days to 5 days. Flushing with carbon diox¬ 
ide and a storage temperature of 4°C extends shelf life by 2 
or 3 days (to 8-9 days) without affecting flavour. Cooking 
tends to remove off-flavours and odours and toughens up 
the texture of prawns. Reports on the onset of mushiness 
range from 3 to 8 days of storage on ice (Rowland et al. 
1982; Angel et al. 1985; Nip et al. 1985; Lindner et al. 
1988). According to Angel et al. (1985), variations in the 
time that mushiness becomes apparent can be attributed 
to differences in raw material sources. It is possible that 
relative differences in rearing conditions of the prawns have 
induced stress during growth and harvesting. Silva et al. 
(1989) reported at least 8 days of shelf-life for whole prawns 
held at 2°C, especially when treated with sorbic acid, and 
12 days when in direct contact with ice at the same temper¬ 
ature; Blanching prior to storing resulted in a slightly ‘dry’ 
texture. Chinivasagam et al. (1998a) reported that various 
species of australian prawns (not including M. rosenbergii) 
lasted 10 to 17 days on ice and more than 20 days on ice 
slurry. They reported that the predominant microflora for 
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shallow water prawns were Gram positive but the dominant 
spoiling bacteria, once the prawns were on ice, was Pseu¬ 
domonas. The predominant volatiles at the early storage 
period on ice were amines, whereas esters predominated 
after more than a week on ice (Chinivasagam etal, 1998b). 
Prawns mixed with ice and kept for 48 hours at 25°C 
were of lower quality than those kept for 72 hours at 0°C 
(Vongsawasdi 2000). Shelf life of peeled tails was 10 days 
when stored in direct contact with ice and only 7 days 
when not in direct contact (Kirschnik et al. 2006). 

A series of studies have been made to evaluate prawn 
quality. Neither the immersion of prawns in water at 65°C 
for 15 minutes or in a solution of sodium hypochlorite 
(50 mg/L) for 1 minute (Waters & Hale 1981) nor blanching 
at 82°C for 3 minutes (Tillman & Finne 1983) affected the 
development of mushiness. Similar results were obtained 
when live prawns were submitted to an 18-hour purifica¬ 
tion process in flowing water (Nip et al. 1985). Although 
this latter procedure improved the appearance of the prod¬ 
uct, it caused a mortality of 8%, which makes purification a 
questionable commercial procedure. Similarly, irradiation 
(145-230 krad) was not found to have a positive effect on 
texture (Angel et al. 1986b). From these papers it can be 
concluded that mushiness does not occur due to an in¬ 
crease in proteolytic bacteria, since these only increase after 
the sixth day of storage on ice, while this loss in textural 
quality may appear as early as 3 to 4 days of storage on ice. 
The change in texture cannot be attributed to enzymatic 
action produced by psychrotrophic bacteria (Premaratne 
etal. 1986). According to Waters & Hale (1981), the charac¬ 
teristic odour of deterioration was detected after 14 days of 
refrigerated storage, while the prawns had a softer texture, 
compared to the initial state, after only 4 days on ice. Angel 
et al. (1981) obtained similar results, detecting the odour 
of deterioration after 16 days. 

Prawn quality is not affected by blast freezing, brine or 
liquid nitrogen freezing, when stored for 1 month at -18°C, 
according to Nip & Moy (1981). Improvement in texture 
was observed when prawns were de-headed immediately 
after harvest (Tillman & Finne 1983). These results were 
confirmed by Papadopoulos & Finne (1985), but were not 
found to apply to marine shrimp of the genus Penaeus 
(Alvarez & Koburger 1979). Hale & Waters (1981) reported 
that whole frozen M. rosenbergii lost their texture after cook¬ 
ing, following frozen storage for 3 months; however, this did 
not occur if the prawns had been de-headed before freez¬ 
ing and storage. Silva et al. (1989) concluded that frozen 
whole or de-headed prawns, held for up to 48 hours on 
ice prior to freezing, stored well for at least 6 months, with 
whole prawns muscle being softer after 12 months at-18°C. 
The latter authors also reported that at -18°C, raw whole 
or de-headed prawns kept better for 12 months than their 
precooked counterparts. 


Angel et al. (1986a) studied the relationship between 
the moult stage of M. rosenbergii prawn and mushiness. 
Their results led them to conclude that prawns in the 
premoult stage seemed more prone to degradation. These 
prawns have a shorter shelf life because degradation pro¬ 
ceeds rapidly, due to the larger amount of proteolytic en¬ 
zymes and the action of the digestive enzymes of the hep- 
atopancreas. In the postmoult stage, when the prawns have 
a greater moisture content, the prawns tended to be less 
mushy. In the intermoult stage, when the exoskeleton and 
the head are hard, modifications in texture occur more 
slowly than in the other two stages. Should the induction of 
synchronous moulting ever become controllable through 
farm management procedures, this phenomenon could in¬ 
fluence the time of harvesting selected. 


18.3 Preservation 

In their country of origin, many prawns (M. rosenbergii ) 
are sold live (see section 18.4). However, depending on the 
time that elapses between harvest and the sale of the prawns, 
they are normally maintained refrigerated or frozen, in 
which cases it is essential to pre-treat immediately after har¬ 
vest. This section describes the practical techniques (pre¬ 
treatments, cooling and freezing) that need to be applied to 
harvested prawns in commercial practice. 

18.3.1 Preliminary treatment 

Stacking of prawns in the net during harvest should be 
avoided; this causes damage to the internal organs which 
is accelerated mainly by enzymatic changes. It is not good 
procedure to cause the prawns to die from asphyxia by 
leaving them out of water. The prawns need washing with 
plenty of clean chlorinated water immediately after harvest. 
Mud concomitantly harvested with the prawns is a source of 
contamination. Microbial contamination increases 10-fold 
after 15 minutes if the prawns are left in muddy conditions 
(Griessinger et al. 1991). 

Immersion of prawns in cold water (thermal shock) is 
the most effective and rapid method to cause death and 
to cool the prawns individually. Experience has shown that, 
where supplies are locally and economically available, using 
full-strength seawater that has been chlorinated reduces the 
incidence of mushiness in the prawns. It is not advisable 
to maintain them alive directly on ice or in a refrigerating 
bed because this procedure promotes a slow decrease in 
internal temperature, causing stress and accelerating the 
deterioration process that occurs after death. To promote 
thermal shock for a batch of 50 kg of prawns, it is necessary 
to immerse them in 50 L of water and 80 kg of ice for 30 
minutes. After this time, they should be removed from the 
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cold water and immediately placed in isothermal boxes, 
with alternate layers of ice and prawns, placing ice in the 
first and last layer. Water originating from the ice should 
not directly contact the prawns (Griessinger et al. 1991). 

18.3.2 Cooling 

Using ice is the most convenient way to cool seafood since it 
has great refrigerating power and it maintains the humidity 
and brilliance of the prawns, avoiding the desiccation that 
would occur if cold air were used. Another advantage of 
ice, besides being portable, potentially innocuous and fre¬ 
quently inexpensive, is that it solidifies at 0° C, so the prawns 
can be maintained close to freezing point; thus it acts as a 
thermostat (FAO 1975, 1994). However, it is essential that 
the ice used be made from clean water. Such ice is not always 
available in developing countries and even clean ice can be 
contaminated after manufacture. Joseph etal. (1992) stated 
that contamination of ice was commonplace when fresh¬ 
water prawns were transported to local markets in India. If 
any doubt exists, it is a good practice to chlorinate the water 
prior to using it to make ice. 

Some farmers who want to maintain their prawns at 0°C 
immediately consider refrigerated storage. Often, when sell¬ 
ing equipment, suppliers oversize the equipment needed, 
so that the capacity is far beyond the producers’ needs. 
Frequently, chilling and storage facilities are built to reach 
temperatures of -10°C, when 0°C is all that is necessary. 
This causes investment, operational and maintenance costs 
to be unnecessarily high. 

Many prawn producers are able to buy ice close to their 
farms and often this is all that is required. Ice has many 
advantages. Water freezes at 0°C. For the water to become 
ice, heat must be extracted and that same amount must 
be absorbed before the ice can become water. A kilogram 
of ice needs 80kcal to transform it totally to water. Ice, 
because it can absorb so much heat, is frequently used 
in the fishing and aquaculture industries. One kilocalorie 
(kcal) is required to raise the temperature of 1 kg of water 
by 1°C, but to increase the temperature of 1 kg of ice by 
1°C, only 0.5 kcal are needed. The capacity to retain heat 
(specific heat) of water in liquid form is thus 1, while in 
solid form (ice) it is 0.5. Freshwater prawns, which contain 
approximately 80% moisture, have a specific heat of around 
0.84. 

Blocks of ice have an index of storage of 1.4 m 3 /t, which 
means that it is possible to store 714.3 kg of ice in 1 m 3 . 
The melting ice removes 80 kcal/kg. Thus, considering only 
latent heat (not the heat removed when the ice warms up), 
1 m 3 of triturated ice removes 57 144 kcal of heat. 

In a refrigeration system, 1 m 3 of cold air (0°C and 90% 
relative humidity) removes only 8.8 kcal of heat from the 
product. Therefore, for the same volume, ice has a refriger¬ 


ating power nearly 6500 times greater than air. Thus, it is 
not advisable to use refrigeration to cool prawns. Cold air 
has to pass the surface of the prawns many times to equal 
the cooling capacity of ice; this can cause dehydration and 
the cooling process is much slower. Air-cooling requires a 
larger investment and higher operational costs. To main¬ 
tain the prawns at 0°C, they should be stored on ice without 
refrigeration equipment. 

Joseph etal. (1992) found that keeping prawns on ice for 2 
days improved tenderness and flavour. However, by 6 days, a 
slight loosening of the shell appeared in 30% of the samples, 
a phenomenon that worsened on subsequent storage on ice. 
This is important, because prawns are frequently harvested 
at night in India (and other tropical countries), to reduce 
harvesting and transport losses, and transported live to the 
most local market in bamboo baskets lined with matting or 
palm leaves. When more prawns than can be sold live are 
harvested, these are iced and transported elsewhere. Often 
prawns may remain in the market for a day, with over 50 kg 
packed in single iced containers, stacked one above the 
other, causing considerable damage to those at the bottom. 
Damage is particularly caused by large blocks of ice (where 
this is used instead of flake or crushed ice). Death occurs 
when the prawns are stressed and out of water, causing 
quality deterioration. According to these workers, chilling 
the prawns in water immediately after removing them from 
water was not normally practised at that time. 

18.3.3 Freezing 

The decision whether to freeze the prawns or not depends 
mainly on the time that will elapse before their use. If they 
cannot be marketed within 5 days of harvest, a period con¬ 
sidered the maximum practical shelf life for M. rosenbergii, 
they need to be frozen. Prawns destined for freezing should 
receive the same care and attention as those destined for 
fresh sale. Freezing, whether or not preceded by cooking, 
cannot improve the quality of the prawns. Under the best 
circumstances, the prawns will have the same characteristics 
as they had at the moment of freezing. 

Preservation by freezing is based on two principles. The 
first refers to the change of the physical state of the con¬ 
siderable quantity of water present in the prawns from 
liquid to solid. The second is to ensure that the temper¬ 
ature decreases to such low levels that the growth of micro¬ 
organisms is impeded. At temperatures below -10°C, most 
micro-organisms do not grow. Below-10°C, some enzymes 
become inactive, autolysis may happen, and its speed de¬ 
pends on the storage temperature (Fig. 18.2). 

Not only temperature, but the speed of freezing is im¬ 
portant to prawn quality; M. rosenbergii have a more fragile 
texture than marine shrimp. To avoid physical damage to 
the muscle structure of the prawns, it is advisable that the 
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Fig. 18.2 Relationship between temperature and per¬ 
centage of frozen water in fish muscle. 


freezing temperature passes from -1 to -5°C as rapidly as 
possible (not more than 2 h). In this temperature interval, 
most of the water within the flesh of the prawns solidifies 
(Fig. 18.3). The meat of prawns (as well as other animals) 
consists of adjacent cells. When the temperature begins to 
decrease below 0°C, crystal formation begins in the fluids 
among the cells. The freezing speed determines the size of 
the crystals. If the temperature decrease is rapid, there is no 
time for the intracellular fluids to emerge from the inter¬ 
cellular spaces. This causes the formation of small crystals 
inside and outside of the cells. Freezing in this manner no¬ 
ticeably decreases the production of‘drip’ (leak) at the mo- 
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Fig. 18.3 Temperature phases during freezing. 


ment of thawing, and conserves the sensory properties of 
the original product. When the freezing speed is slow, large 
crystals form in the intracellular water. The level of ‘drip’ 
noticeably increases, degrading product quality (Geromel & 
Forster 1985). 

Most small producers use domestic freezers to freeze 
prawns and for ensuing storage. Even though this is a prac¬ 
tical procedure to lengthen the shelf life of the prawns, it 
can harm the product quality considerably, especially the 
texture of the flesh - one of the most sensitive matters con¬ 
cerning M. rosenbergii. The consumer does not observe that 
the texture is soft until consuming the product. The sensa¬ 
tion that the consumer has at this time, if there is no ‘bite’ 
resistance, can be so negative that the product is not pur¬ 
chased again. When a domestic freezer is used by a small 
producer to freeze and store prawns, freezing must always 
be carried out with a small amount of very cold prawns. It 
is important that they should be in contact with the base of 
the equipment or the shelves where the refrigerant liquid 
passes. When the thickness of the layers of prawns increases, 
the freezing time increases in a geometric proportion. 

The best solution is to use special equipment for freezing. 
According to the Food and Agriculture Organization (FAO 
1977), there are four types of freezing: 

1. Freezing by fast air circulation: There are continuous and 
discontinuous forms. In both cases the heat is removed 
by a fast current of cold air, which passes through the 
product. In the first case, the product freezes while slowly 
passing through a freezing tunnel. In the second, the 
product is generally placed in trays on small trolleys that 
stay fixed in a tunnel during the blast freezing process 
(Fig. 18.4). 

2. Freezing by plates or contact. Transmission of heat oc¬ 
curs through direct contact between the product and 
the metallic plate through which passes the refrigeration 
gas. The plates of the freezer may be horizontal or vertical 
(Fig. 18.5). 

3. Freezing by immersion: The freezer removes the heat of 
the product through brine at low temperature cooled 
by a coil in which the refrigerant gas circulates (Fig. 
18.6). The temperature of saturated brine can go down 
to approximately — 20°C without the product suffering 
changes of physical state. 

4. Cryogenic freezing. Heat is removed from the product by 
direct contact with a gas or liquefied vapour (Fig. 18.7). 
Liquid nitrogen is the one most frequently used. 

The form of the product will be determined by the mar¬ 
ket. The most common form in which marine shrimp is 
exported to the USA and Japan is as frozen tails in 5 lb 
(2.27 kg) cardboard boxes. Farmed freshwater prawns are 
often sold as whole animals. Traditional 51b boxes may 
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Fig. 18.4 Tunnel freezer. 
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be used, as well as plastic airtight packaging, etc. Marine 
shrimp are often de-headed at sea. They are then classi¬ 
fied by size, packed uniformly in 5 lb cardboard boxes and 
properly weighed. A plastic bag is then placed around them 
to allow the addition of water to form a block. Next, they 


are frozen either in a tunnel or by the plate system. The 
added water acts as glazing. The layer of ice protects shrimp 
from desiccation during storage. The shrimp frozen in these 
boxes are usually thawed and sold as fresh product or they 
are reprocessed into a value-added product. 


Fig. 18.5 Plate freezer. 
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Fig. 18.6 Immersion freezer. 


Shrimp and prawns can also be frozen whole if a market 
exists for this product. Besides the block frozen product, 
shrimp and prawns may also be frozen in IQF (individu¬ 
ally quick frozen) form, by cold air, brine, gas or liquefied 
vapour. In this case it is necessary to glaze the shrimp or 
prawns with a fine layer of ice on the surface by immersion in 
a tank of cold water, never higher than 5°C. This procedure 
is to protect the prawns from dehydration during frozen 
storage. These processes can be used for freshwater prawns 


as well as marine shrimp but it is essential to remember that 
if the heads of freshwater prawns are not removed (i.e. the 
market being addressed is for whole animals), the product 
will become mushy if it is not kept at -20°C. Immersion 
freezing in a 1:2 salt to sugar solution was found to be opti¬ 
mum to reduce salt absorption and minimise water loss of 
frozen prawns (Pinho & Cristianini 2005). 

The deterioration of prawns caused by micro-organisms 
ceases when their temperature is below -10 D C; however, as 
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Fig. 18.7 Cryogenic freezer. 
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noted earlier, some enzymatic action continues. The lower 
the storage temperature, the slower will be the action of 
these enzymes. In industrial practice, the storage temper¬ 
ature is from -18 to -25°C in most commercial freezers. 
Proper glazing is important to avoid colour changes, the 
desiccation of the surface of the product and weight loss. A 
basic principle in successfully storing frozen prawns is that 
the product first stored should be the first that is used. The 
producer has an important responsibility for the quality 
of the prawns from grow-out to consumer. The producer 
should ensure that frozen prawns are not subjected to sig¬ 
nificant fluctuation in temperatures during transport and 
distribution (Geromel & Forster 1985). 

An alternative product form is to pre-cook prawns before 
freezing. Some Brazilian companies sell this type of product. 
The colour is very attractive and the process deactivates a 
large percentage of the enzymes. Pre-cooking consists of 
exposing the whole or the de-headed prawns, shell-on or 
peeled, to water vapour or hot water long enough to heat 
the product to a temperature so that the surface protein of 
the prawns coagulates, but the protein in the centre is not 
coagulated. When the crustaceans are cooked, coagulation 
of the protein also occurs in the centre (FAO 1978). In some 
countries, depending on the species of shrimp or prawns, 
it is useful to pre-cook them to maintain the colour, to 
cause the tail to curl, to reduce crumbling during handling 
and to reduce the level of micro-organisms. However, Silva 
et al. (1989) found that pre-cooking can result in a ‘dry’ 
and ‘brittle’ texture, especially when the prawns have been 
de-headed. 

For some species of marine shrimp (e.g. Pandalus spp.), 
it has been found that the total period of cooking cannot ex¬ 
ceed 3 or 4 minutes at 100° C if undesirable alterations in the 
texture and the unnecessary loss of weight are to be avoided. 
The thermal capacity of the source of heat needs to be ad¬ 
equate to bring the water to a boil 1 or 2 minutes after the 
prawns are added. The cooking period is measured starting 
from the moment that the crustaceans arrive at the fore¬ 
seen temperature. Thus, prawn producers wishing to sell 
their product in a pre-cooked and frozen form should con¬ 
duct experiments to produce the best quality and yield. The 
optimum cooking time and temperature, and the freezing 
procedures used to produce the best quality product are de¬ 
pendent on the quality of the original product, and the form 
and size of the prawns. After cooking, the prawns should 
be quickly cooled, using water or cold air, and packed ac¬ 
cording to the customer’s specifications. It is important to 
avoid any contamination after cooking, since this product 
may be directly consumed without any additional cooking. 
However, pre-cooking and freezing is generally regarded as 
insufficient for consumption without additional cooking. 
Cooking is a critical procedure. It affects the texture, colour 
and flavour, and if done inadequately without proper exper¬ 


imentation to define the optimum time and temperature, 
the process can cause serious quality problems. 

18.3.4 Industrial-scale freezing 

Figure 18.8 provides a sketch of an industrial unit for the 
processing of cooked and frozen prawns. The sequence of 
operations and the equipment locations are correct, but the 
building dimensions will vary according to the dimensions 
of the equipment and the volume of prawns to be processed. 

Normal prawn processing consists of the following pro¬ 
cedures. When the prawns arrive at reception and will not 
be processed immediately, they are weighed, put into plastic 
boxes with ice and placed in cold storage to await process¬ 
ing. When the prawns are to be immediately processed, 
they should be washed, weighed, passed through a size 
grader and transferred to the stainless steel processing ta¬ 
ble, where they are de-veined, de-headed, de-clawed and 
shelled (as appropriate according to the desired product 
type). The prawns are then placed on another stainless steel 
table where they are prepared for freezing. If the freezing is 
done in a tunnel, layers of prawns, in bulk, separated by a 
plastic film, are placed in trays and rapidly loaded on to trol¬ 
leys for passing through the tunnel. The previously weighed 
prawns may be placed in bags or on trays. When the prawns 
are frozen in blocks, they should be placed, after weighing, 
in paraffin-waxed boxes or in aluminium compartments 
in block form. A large proportion of the prawns exported 
by Brazil are packed in 5 lb (2.27 kg) paraffin-waxed boxes 
with a plastic film liner and enough water added to cover 
the prawns before closing the box. This eliminates the need 
to glaze after freezing (however, glazing is always a supe¬ 
rior technique). Freezing time will depend on the freezer 
type and on the thickness of the layers/blocks. Reducing the 
temperature of the prawns to -2 to -5°C should not take 
more than 2 hours. During this period of time, ice crystals 
are being formed in the internal and external part of the 
cells. The selection of freezers depends on the market that 
the producer wants to reach. After freezing, the prawns that 
have been put through the tunnel in bulk should be glazed, 
packed in bags, weighed and packed in cardboard boxes of 
20 kg. Prawns that have been placed in bags before freezing, 
in little trays or in paraffin-waxed boxes, are directly placed 
into the 20 kg cardboard boxes. After this stage, the prawns 
are stored in freezers at -18° C or below, awaiting shipment. 

18.3.5 Effect of freezing 

Vongsawasdi 8t Noomhorn (1996) compared M. rosenbergii 
that had been preserved by individual quick freezing, freeze 
drying and canning. After 6 months of storage, 3 types of 
evaluation were carried out, namely instrumental, chemi¬ 
cal and sensory. For individual quick freezing, instrumental 
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Fig. 18.8 Layout of processing unit for cooked and frozen prawns. 


and chemical parameters changed slightly during storage, 
while sensory evaluation indicated that the prawns were still 
appreciated by the panellists. For freeze drying, the prawns 
were given various citric acid treatments to preserve their 
natural colour and to suit the preference of the panel. The 
best treatment was found to be 0.2% citric acid for 25 min¬ 
utes. Following storage, instrumental, chemical and sensory 
evaluation had not deteriorated and showed similar qual¬ 
ity to the IQF prawns. Sodium tripolyphosphate (STPP) 
treatment, at various levels, was used to improve texture, 
juiciness and panel preference. Dipping in 7% STPP for 15 
minutes was found to be the most satisfactory. Though few 
instrumental, chemical or sensory changes were detected 
after 6 months storage, canned prawns, though accepted by 
the panellists, were judged inferior to either IQF or freeze 
dried prawns. Reporting what appears to be the same exper¬ 
imental work, Noomhorn & Vongsawasdi (1998) stated that 
the freeze-dried and canned prawns were stored at 24°C, 
while the IQF prawns were stored at -25° C. Prawns kept for 
up to 30 days at -20°C were lower in soluble protein and 
carbohydrate content, but the changes were minimal. 

Repeated freezing and thawing of stored prawns will 
have a different effect on the shear force required to break 
prawn tails of cooked frozen animals as opposed to those 
of uncooked animals. Srinivasan et al. (1997) observed that 
the shear force required for cooked prawns decreased after 


three cycles of freezing and thawing, while the shear force 
for raw prawns remained the same after five cycles. Elec¬ 
trophoretic analysis revealed gradual decreases in myosin, 
actin and most other myofibrillar proteins during refreez¬ 
ing and thawing. Studying the effects of freezing and thaw¬ 
ing procedures, Srinivasan et al. (1998) found that during 
a 6-month storage period, lipid oxidation in raw muscle 
tissue reached a maximum between 1 and 3 months, and 
then decreased thereafter. The kinetics of this process de¬ 
pended on the presence or absence of shell and the rate of 
thawing. During storage, the texture (shear force) of raw 
muscle decreased slightly (3.5-8.1%) but the shear force of 
cooked prawns increased considerably (13.027.9%). Cook¬ 
ing loss was greater for shell-off (20.2%) than for shell-on 
prawns (14.4%) and correlated with increased toughness 
of cooked muscle. Electrophoretic analysis showed no pro¬ 
tein changes, except that the intensity of all protein bands 
decreased slightly after 6 months storage. Although lipid ox¬ 
idation products were higher in prawns stored with intact 
shells, the lag period was longer when compared to shell-off 
prawns. In general, blast freezing produced slightly higher 
muscle shear forces than still freezing. Slow thawing (i.e. in a 
refrigerator) was also shown to result in higher shear forces 
than intermediate (water) and fast (microwave) thawing. 
Lipid oxidation was affected by the thawing rate and was 
the highest when prawns were stored in a refrigerator. The 
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presence of shells did not protect the raw muscle tissue 
against lipid oxidation but reduced cooking loss. Oxygen 
exclusion (vacuum packaging and/or antioxidant and dip 
or spray treatments) would be desirable for preventing lipid 
oxidation during long-term frozen storage. In summary, the 
presence of shell is obviously beneficial for frozen-stored 
prawns as it reduces cooking loss and prevents texture dete¬ 
rioration. Thus, storing de-headed prawns with intact shells 
would be the preferred method of frozen storage, especially 
on a short-term basis. 

Joseph et al. (1992) found that the quality of frozen 
prawns in blocks collected from cold stores in India, af¬ 
ter approximately 2 months of storage, varied considerably. 
White spots on the shells often occur in frozen prawns, 
thus decreasing market acceptance, but were not caused by 
desiccation, as the blocks were well glazed. The freshness 
of the product at the time of freezing, as emphasised in 
section 18.3.3, was found to be more important and caused 
perceptible organoleptic differences. The exact cause of the 
white spot discoloration was not known. 

The recommended method of freezing for whole prawns 
is slow or blast freezing of prepacked prawns. The packing 
has to be such that the claws are kept intact upon thawing. 
Glazing of the frozen product and packing on a rigid con¬ 
tainer will protect the claws from breaking. Slow thawing 
at refrigerated temperature is the best way to maintain the 
claws intact. However, slow thawing may result in some soft¬ 
ening, especially near the head section. Cryogenic freezing 
is recommended for de-headed prawns, to preserve their 
quality better, but it results in breakage of claws in whole 
prawns (Silva 8t Handumrongkul 1991), probably due to 
‘drying’ of the fragile claw joints. 


18.4 Handling for live sales 

Live sales present a different set of problems than the sales 
of chilled or frozen prawns. The techniques are similar to 
those used to sell live lobsters or finfish. The water needs 
to be changed regularly to eliminate ammonia build-up 
and the temperature needs to be held relatively constant. 
An air source is necessary to keep the oxygen levels of the 
water above 6 mg/L to lessen the risk of ammonia toxicity. 
The prawns to be transported live should be washed in 
non-chlorinated clean water. They then should be held at 
a temperature that can be maintained during transport. 
Thermal shock should be avoided. It is advisable to 
transport at about 22° C and to use small amounts of ice to 
keep the temperature constant, as needed. These transport 
techniques are similar to those used to transport prawn 
postlarvae from hatcheries to distant grow-out facilities 
by road transport (Chapter 5). Generally, restaurants 
or seafood speciality sales outlets will have aquaria to 


display live products. They may also have larger tanks 
for storage. Live animals are of best quality if sold within 
5 days. 


18.5 Practical processing techniques 

Processing is frequently carried out on-farm by relatively 
inexperienced people. Where most of the farmed M. rosen- 
bergii is sold fresh and whole this does not result in too many 
problems. Prawns are usually harvested when the sun is not 
strong in the early morning, or at night, and immediately 
put in ice water to chill and kill the animals. 

In the Costa Rican freshwater prawn farm Langostinos 
Koko, which is close to the sea, prawns are put in an ice 
water bath consisting of chlorinated full-strength seawater 
and ice for 45 minutes. Since this process has been utilised, 
the farm has not had any problems with soft (mushy) ani¬ 
mals reaching the consumer. Previously, this was a frequent 
complaint. In this farm the product is then packed in plastic 
bags and stored on ice. The fresh product needs to have the 
ice drained regularly so that the product does not come into 
contact with the cold water. If it is to be sold fresh, it should 
be sold within 2 to 3 days, and if frozen, it should be frozen 
within 2 days. The product should not be stored under a 
great deal of weight because this accelerates the onset of 
mushiness. 

Freezing needs to be rapid and very cold. Storage of 
whole prawns at -30°C significantly retards the progress 
of the mushiness that is caused by the presence of the hep- 
atopancreas. With this process, prawns can be held at -20°C 
or lower for up to 6 months. Care must be taken to ensure 
that the product is stored in rotation in the freezer. Newly 
frozen product should be put in the back of the storage 
facilities and the older product used first. Another impor¬ 
tant consideration is the method of handling frozen prawns 
after they leave the packing plant freezer. They need to be 
maintained frozen until use. These issues are further dis¬ 
cussed in Chapter 19. Frozen product needs to be packaged 
in a way that facilitates the end user being able to defrost 
the amount needed on each single occasion, without having 
to refreeze any remaining product. Repeated freezing and 
defrosting can produce a mushy product. 
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Kennedy (1991) cautions against the classic entrepreneurial 
nature - ‘Ready? FIRE! Aim’. Marketing freshwater prawns 
effectively requires an understanding of the characteristics 
of the product and the needs of the customers and potential 
customers. In most of the major producing countries (e.g. 
China, Vietnam, Thailand, Bangladesh) there is no inherent 
difficulty in marketing freshwater prawns. If the price is af¬ 
fordable for the local consumer, the product will ‘sell itself’, 
because it is an established commodity that is (or in some 
cases was) available from the capture fishery. Under these 
conditions, marketing can focus on value-addition; focus 
marketing may produce more revenue for the producer. If 
the export of freshwater prawns to the mainly temperate 
developed areas of the world (e.g. Europe, Japan, USA) is 
to be increased, the product needs to be carefully marketed. 
The same applies if they are to be sold in tropical countries 
capable of rearing Macrobrachium rosenbergii where there 
is no traditional market for freshwater prawns. In countries 
where other species of Macrobrachium are familiar but the 
long-legged Malaysian giant prawn (M. rosenbergii ) is not, 
similar marketing considerations would apply. Under these 
conditions, a good reputation for tastiness and quality will 
need to be established and maintained; if this is successful, 
sales will increase as more product becomes available. 

To many new consumers, M. rosenbergii, once de-headed, 
looks like marine shrimp. However, it tastes milder and re¬ 
quires different handling, particularly if it is sold head-on 
(Chapter 18). Marketing needs to convince its customers 
that this distinctiveness can be an asset. Some are already 
convinced about the attractions of freshwater prawns and 
require little conversion. The Brazilian writer Jorge Amado 
(1995) once wrote, ‘I am crazy about Pitu (the Brazilian 
name for most freshwater prawns). Every time I remember 
the taste of these steamed prawns, my mouth begins to wa¬ 
ter. This fruit of the river is more savoury than any seafood - 
shrimp, spiny lobster or crayfish. They have the taste of my 
Bahianese youth.’ However, even to such a fan of freshwater 
prawns, the first sight of M. rosenbergii, which has a differ¬ 


ent appearance than one’s native species (being indigenous 
to lands far from home), may be a surprise. M. rosenbergii is 
the main species that is reared globally, for technical reasons, 
but its introduction into markets where another species of 
Macrobrachium is well known may encounter the same type 
of resistance that was originally experienced when farmed 
Atlantic salmon were compared with those caught in the 
wild. 

The emphasis of this chapter is therefore oriented mainly 
towards marketing freshwater prawns in areas, primarily in 
the western hemisphere, where consumers are not already 
totally familiar with the product. Some additional informa¬ 
tion on domestic marketing is contained in Chapter 17. 


19.1 Historical perspective 

Specific experience on market research with freshwater 
prawns in several countries is presented in section 19.2, 
while a number of marketing case studies are presented in 
section 19.10. Early work on this topic was reviewed by New 
(1995); much of the information in this section has been 
extracted from that source to provide background material 
for the rest of this chapter. 

Although there was originally considerable interest in 
freshwater prawn farming in the western hemisphere, tech¬ 
nological developments enabling the explosive growth of 
marine shrimp culture for supply to an expanding global 
market pushed the former into the background. Markets 
for freshwater prawns were perceived as mainly domestic; 
now there is evidence that there is more scope for increas¬ 
ing the export of freshwater prawns, which is causing a new 
impetus in its aquaculture. 

It is difficult to determine the quantities of freshwater 
prawns that are exported, because export/import statistics 
frequently do not distinguish between marine shrimp and 
freshwater prawns. Similarly, farmed shrimp or prawns are 
often not distinguishable from wild-caught animals in such 
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statistics. While morphological differences between prawns 
and shrimp are obvious when they are marketed head-on, 
and are visible to the more discerning consumer when tails 
are sold shell-on, head-off shell-off prawns and shrimp 
are indistinguishable to consumers in external appearance. 
However, labelling requirements in many countries are in¬ 
creasingly identifying the type and origin of all products. So 
far, there is little consumer demand to know which prod¬ 
ucts are farmed and which are wild-caught (as there are in 
salmonids) but here again, this is changing due to labelling 
laws. There is also an increasing demand for products that 
are either caught or reared in a responsible, sustainable 
manner (Chapter 24). According to New (1995), freshwa¬ 
ter prawns do not generally compete with marine shrimp. 
Indeed the markets in most countries where they are reared 
are quite distinct and, for many, the taste and texture of 
freshwater prawns is superior to that of marine shrimp. 

Early attempts to market freshwater prawns in continen¬ 
tal USA, which had been reared in Brazil, Hawaii and the 
southern states of the USA, were reviewed by New (1990) 
and are dealt with in section 19.2.4 of this chapter. The 
problems of locally high production costs have been effec¬ 
tively demonstrated by experiences in some of the French 
Overseas Departments and Territories. By 1987, after the lo¬ 
cal market was satisfied, a farmers’ co-operative in French 
Guiana started exporting head-on frozen M. rosenbergii to 
metropolitan France (Lacroix 1991). However, the market 
price required to ensure profitability was much higher than 
that charged for prawns from Southeast Asia. This expe¬ 
rience is further related in section 19.2.1. Lack of regular 
supply, rather than poor demand or profitability, has been 
a major constraint in the marketing of farmed freshwater 
prawns in developed countries (New 1990). 

In 1992, Bangladesh was described as a major exporter 
of M. rosenbergii caught by artisanal fishers in rivers, lakes 
and flooded depressions, thus stimulating the development 
of farming there (Angell 1992). Though it is still difficult to 
know what proportion of the freshwater prawns exported by 
this country is farmed, there is no doubt that Bangladesh 
is a major source of farmed product (Chapter 17). More 
than two decades ago, freshwater prawns from Bangladesh 
were being accepted in the Belgian market because they 
had a similar taste to the preferred coldwater Crangon spp. 
(Nierentz & Josepeit 1988). Italy and Spain have a strong tra¬ 
dition for (consuming) head-on shrimp (Griessinger et al. 
1991) and generally increased living standards were said to 
be stimulating their consumption in the home, as opposed 
to restaurants, thus presenting a potential market for whole 
freshwater prawns. 

Sadanandan et al. (1992) forecast a good potential for 
exports of freshwater prawns from India but thought 
that a specific brand image was desirable. Even then, 
two exporters were already reported to be exporting 


M. rosenbergii under the name ‘scampi’, a generic name 
associated with other crustaceans in the developed world. 
The current situation for farmed freshwater prawns in 
India is discussed in Chapter 17. 

In 1992, the USA market for freshwater prawns was de¬ 
scribed as being in transition (Chauvin 1992). There were 
two market niches: imported frozen tails, mainly from 
Bangladesh, Indonesia, Malaysia and Myanmar, and fresh 
(mostly head-on) from Costa Rica, Ecuador, the Domini¬ 
can Republic, Mexico and, domestically, from Hawaii and 
Puerto Rico. Both M. rosenbergii and M. careinus were mar¬ 
keted at that time. In the mid-1970s, when the import of 
freshwater prawns in the USA began to exceed 1000 t/yr, it 
was first thought of as a marine shrimp substitute. Sales had 
peaked in 1989 at 15 0001 but exact figures were unknown, 
since US Customs authorities did not distinguish freshwa¬ 
ter prawns from marine shrimp. Most imports were frozen 
tails from Asia. As imports of the marine shrimp Penaeus 
monodon began to escalate, imports of freshwater prawns 
by the USA declined (to an estimated 60001 in 1991) but 
a greater proportion were of the larger-sized animals. The 
recession at that time was also said to be a factor in the 
decline. Most of the reduced Hawaiian production (see sec¬ 
tion 19.2.2) was being sold locally by that time, much of it 
at the farm-gate. This was also occurring in Puerto Rico. 
In continental USA, marketing prawns from Puerto Rico 
or Texas was being promoted to high-class restaurants in 
Chicago and other major cities, but this market niche was 
seen as quite distinct to that for Asian prawns (mainly wild- 
caught) and black tiger shrimp. 

Chauvin (1992) forecast that the USA market for M. 
rosenbergii would continue increasing towards the use of 
larger tails in the frozen market segment. A greater inci¬ 
dence of Food and Drugs Administration (FDA) rejections 
of Asian freshwater prawns on quality grounds, as opposed 
to black tiger shrimp, was noted at that time. A market niche 
for farmed freshwater prawns of consistently high quality 
was therefore identified. This niche remains open and this 
finding explains the necessity for emphasis on quality stan¬ 
dards in handling and processing (Chapter 18) and in ex¬ 
ploiting market opportunities through efficient marketing 
strategies, as noted in the current chapter. 

19.2 Reports on freshwater prawn 
marketing in selected countries 

The goal of all producers is to get the maximum net value 
for their products, in other words the maximum value, net 
of distribution and marketing costs, which can be obtained 
from the product. It is necessary to plan stocking dates, 
harvesting practices, etc., to produce a consistently high- 
quality product, to have the maximum product available to 
meet peak demand, and to develop the optimum market. 
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Market research is one tool that can be used by produc¬ 
ers to help determine the appropriate way to market M. 
rosenbergii. The results of some examples of market stud¬ 
ies in various countries concerning freshwater prawns are 
provided below. 

19.2.1 France 

Freshwater prawn farming started in the French Overseas 
Territories in the early 1970s. French Polynesia was first 
with breeders imported from Hawaii, then the twin islands 
of the Caribbean West Indies, Martinique and Guadeloupe, 
and finally, French Guiana, on the northern coast of Ama¬ 
zonia. In French Guiana, a long-term development plan had 
been established for agriculture, including aquaculture. The 
goal was to produce 5001 of M. rosenbergii for the interna¬ 
tional market. The main technical and biological problems 
had been progressively solved by the 1980s and production 
reached 701 by 1987, much more than the local market 
could absorb. The producers’ association understood that 
the export price was linked to the price of the traditional 
product from Southeast Asia (US$ 8-10/kg, whole), which 
was 40% below the French Guianese production cost. The 
farmers asked public authorities and the Institut Fran^ais 
de Recherche pour L’Exploitation de la Mer (IFREMER), 
formerly CNEXO, to undertake market research in order to 
assist them in developing a marketing plan for the French 
Guianese situation. 

A marketing consultancy, which specialised in the 
seafood trade, and the department of economics of 
IFREMER, developed a study that showed that there was a 
‘niche’ market in French supermarkets for the product if it 
was presented whole and fresh. This required dependable 
transportation from Cayenne to Paris (7500 km) twice a 
week. The French study was similar to the study in the 
USA (see section 19.2.4). Its conclusions included the 
observation that the product needed to be presented as a 
new and exotic delicacy, that point-of-purchase materials 
with recipes and other information needed to be available, 
and that opportunities for free tasting should be offered. 
This very detailed programme was carried out during 
a two-year promotion campaign with a few selected 
supermarkets (1988/89). Unfortunately, this did not result 
in a successful future for French Guianese producers of M. 
rosenbergii and production remains very low (Chapter 17). 
A major lesson from this 12-year experience was that the 
target market needs to be considered from the beginning 
and that market analysis is the job of professionals, not of 
producers (Lacroix etal. 1994). 

19.2.2 Hawaii 

Freshwater prawns have been cultivated in Hawaii since 
1965 (Lee 1985). Prior to 1973, most were sold through a 


local retail seafood market, Tamashiro Market. Interest was 
high, but not sales. The market development required: 

• a steady supply of prawns; 

• a high-quality image through marketing live prawns; and 

• a premium price for the live animals. 

By 1971, Tamashiro Market had developed a small but con¬ 
sistent customer base. Slow increases in production had 
resulted in a consistent demand for the product. In 1978, 
a large farm began production. To encourage the develop¬ 
ment of the market for prawns, the Hawaii Prawn Promo¬ 
tion Program (H3P) was begun in 1982 (R. Fassler, pers. 
comm. 1998). H3P was a joint industry-government pro¬ 
gramme with the State of Hawaii appropriating funds for 
the project. The contracted advertising agency made the 
assumptions that: 

• the primary local market was in restaurants (emphasis 
on the tourist trade); 

• the product would be sold and presented in whole form; 

• both frozen and fresh chilled product would be available, 
but frozen would be emphasised; 

• after two years, large quantities of prawns would be ex¬ 
ported to continental USA; and 

• the product had a relatively high cost of production. 

In the first year the emphasis was to be on the Hawaiian 
restaurants. The product was to be positioned as premium 
local seafood. In this textbook approach to marketing, a 
new product the plan was to: 

• create a generic product name (Hawaiian Prawns) and a 
logo; 

• develop a brochure containing product information; and 

• utilise media advertising and develop collateral materials 
to reinforce other tools. 

A food consultant was hired to create recipes for the 
Hawaiian Prawns (R. Fassler, pers. comm. 1998), some of 
which have been included in section 19.8.2. Seminar pre¬ 
sentations were made at the annual meetings of the Hawaii 
Restaurant Association and the Hawaii Food Industry Asso¬ 
ciation. An exhibit at the 1980 Hawaii Hotel and Restaurant 
Expo included preparing sample dishes with the prawns. 
Although considerable publicity was generated by these 
events, few new customers were obtained because supplies 
of prawns were extremely limited. The success of the pro¬ 
gramme was undermined by poor product availability. 

Due to the limited availability of product, the emphasis 
was placed on the retail trade. The recipes and promotional 
materials were not in great demand. The customers were 
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already familiar with the product and did not need the ad¬ 
ditional materials. This project was a great example of the 
‘Ready? FIRE! Aim’ approach. It was a good generic market¬ 
ing programme, which the farmers were unable to supply 
product to support. Without adequate and relatively con¬ 
sistent product, marketing can be a waste of money. Insuf¬ 
ficient supply of product also frustrates the consumer. Mar¬ 
keting Macrobrachium must be co-ordinated with product 
availability. 

19.2.3 Puerto Rico 

In Puerto Rico, numerous studies were conducted for the 
Sabana Grande freshwater prawn farm (49 ha in 1985), 
which verified both the market potential for the product 
and the problems associated with inappropriate handling (J. 
Glude, pers. comm. 1992). A series of basic guidelines were 
developed in response to this (Box 19.1). The result was that 
the farm believed that this species needed to be marketed 
as a new and unique product and not as a ‘second-quality 


Box 19.1 General recommendations for handling and 

storage of freshwater prawns. (Source: Sabana Grande 

farm, Puerto Rico; later used by Langostinos Koko, 

Costa Rica.) 

Do’s 

• Fresh langostinos can be stored in your refrigerator, 
covered with ice, for up to 5 days after their arrival. 

• The ice should be changed daily and while doing so, 
rinse the prawns with cold water. 

• Place frozen langostinos in your freezer immediately 
on receipt. 

• Keep the product at 20° C or below until ready to 
use. 

• For the best results, cook and serve immediately after 
thawing or removing from ice. 

Don’ts 

• Don’t thaw more langostinos than will be required for 
cooking. 

• Don’t re-freeze thawed prawns. 

• Cooked prawns can be frozen but don’t re-freeze 
thawed prawns. 

• Don’t thaw for more than 10 min. 

• Don’t leave prawns unprotected in the freezer; keep 
the container closed. 

• Don’t leave prawns at room temperature. 


shrimp’, just because it was coming from freshwater. For 
that purpose, in 1985, it hired a young marketing special¬ 
ist from Harvard University to identify the strengths and 
weaknesses of this species and develop a realistic marketing 
programme, the ‘Royal report’ (D. Lacroix, pers. comm. 
1999). Farms in the Caribbean and Latin America were vis¬ 
ited during the study. Then, in close co-operation with the 
farm’s owner, John Glude, whose experience with seafood 
marketing in general and with M. rosenbergii marketing 
in particular was invaluable, the consultant selected the key 
factors for the optimum marketing of the freshwater prawns 
(Table 19.1). This study also resulted in the observation that 
it was safer to begin by selling the product at a high price, 
even if distribution was more complicated and marketing 
more difficult. Price frequently establishes the quality image 
of the product. 

All the elements of a marketing plan for local sales and 
for the mainland USA market were assembled by this farm, 
which continued to sell in Puerto Rico and the northeastern 
part of the USA, until production problems and financial 
problems with its importer in the USA caused the closure 
of the farm in 1993 (J. Glude, pers. comm. 1999). 

19.2.4 Continental USA 

Market research to determine the acceptability of various 
presentations of M. rosenbergii has been somewhat lim¬ 
ited. In 1982, the Aquaculture Department of the State of 
Hawaii authorised a market research study to determine the 
feasibility of retail sales of the freshwater prawn in 


Table 19.1 Main consumer concerns with M. 
rosenbergii in the USA and their rebuttal. 


Consumer concerns 

Specific marketing response 

It is not a genuine 

Give it an attractive commercial 

shrimp’ 

name 

‘Where is it from?’ 

Find an origin which adds value: 
tropical, holiday style, outdoor 
cooking, etc. 

‘The quality is 

Aquaculture provides reliability in 

uncertain’ 

freshness, taste, size grade, origin 
and process control 

‘It is tasteless’ 

It is not flavourless, it is ‘sweet’. 

It is a ‘diet shrimp’, as the cholesterol 
ratio is lower than in marine shrimp 
This subtle taste facilitates numer¬ 
ous recipes with very different sauces 
and styles, which is an advantage for 
all chefs 

‘It has a big head’ 

Market it whole 

Fresh presentation is more attractive 
for the consumer than cooked 
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continental USA (R. Fassler, pers. comm. 1998), which re¬ 
vealed problems related to the lack of experience of the con¬ 
sumer with the product. Production problems in Hawaii 
made the possibility of actually marketing in continental 
USA a moot point, but the potential problems were asso¬ 
ciated with consumer acceptance of the head-on prawn, 
the ‘mushiness’ problem (Chapter 18), and handling and 
preparation techniques. It was determined that mass mer¬ 
chandising of the product would require a considerable 
investment in promotion and advertising, to educate the 
consumer. 

In the later 1970s, during a seminar on M. rosenbergii in 
the western hemisphere, various marketing problems were 
identified (Hanson & Goodwin 1977). The US public was 
noted as having conservative tastes in foods; some unique 
skills would be required to introduce a new freshwater head- 
on crustacean to the USA market. This assessment seemed 
to ignore the niche marketing that has been done so success¬ 
fully with many specialised seafoods. It focused on the typ¬ 
ical housewife as the consumer of the product. In the con¬ 
clusion, this seminar identified the most critical element in 
the marketing concept as product positioning. Identifying 
the product with a common name was a key issue. A recom¬ 
mendation was made to use a brand name (e.g. ‘Malaysian 
Prawns’, ‘Hawaiian Prawns’, ‘Caribe King Prawns’, etc.) and 
to identify the product as freshwater shrimp. 

Prior to investing in farms for cultivating the freshwater 
prawns. Red Lobster Restaurants conducted in-house stud¬ 
ies which determined, to their satisfaction, that the prawns 
were very acceptable to their customers. They tested prawns 
cooked in various ways at different restaurants and found 
the product was very desirable when properly prepared. 

Liao & Smith (1984) summarised a study on marketing 
prawns in South Carolina. All retailers who participated in 
the study indicated that the prawns were highly saleable 
and that they would market the product if it were available. 
Half of the retailers preferred the product as fresh head-off, 
while the other half indicated that whole fresh prawns and 
frozen prawns were acceptable. Some 75% of the retailers 
marketed the frozen prawn tails with no difficulty but the 
two retailers who marketed the whole prawns indicated 
that the product was more difficult to sell. The retailers 
indicated a preference for a graded product. Retail prices 
were comparable to marine shrimp during the product sale 
period. Half of the seafood retailers were willing to pay the 
same price for the prawns as for the same size of marine 
shrimp, 25% were willing to pay more and 25% would pay 
10% less. Head-on prawns would require more effort to sell 
but a definite market for this product was identified. 

Marketing freshwater prawns has been a priority for 
Kentucky’s small-scale aquaculture industry since 1995. 
Prawns are harvested during September to October, and 
are primarily sold directly to consumers through farm-gate 


sales, although several efforts have been made to sell 
in other retail/restaurant/wholesale markets with mixed 
success. For example, a wholesale buyer from Tennessee, 
Freedom Freshwater Shrimp, was purchasing prawns at 
wholesale prices and selling the product in direct markets 
and restaurants. Their major marketing initiative was 
selling cooked and uncooked prawns in food festivals 
during the autumn months. Dasgupta (2003) reported 
that such festivals could be very profitable, with a profit 
margin of over US$ 2/serving. Unfortunately, this market 
is inherently risky because festivals, which are costly to 
organise, are poorly attended in inclement weather. As a 
result of such weather-related losses, Freedom Freshwater 
Shrimp had to discontinue their marketing activities. An¬ 
other wholesale buyer in Kentucky processed locally-grown 
prawns into frozen tails, and was selling them to a major 
grocery chain. However, the grocery chain was unwilling to 
pay sufficiently high prices in order to make this marketing 
initiative profitable. 

Hence, there are only two markets in Kentucky that 
are accessible to small-scale producers and require only 
a modest amount of transactions costs: farm-gate sales and 
farmers’ markets (Dasgupta et al. 2006). Several producers 
have developed a regular clientele that purchase freshly- 
harvested prawns every year. Such prawns are sold unpro¬ 
cessed at prices ranging from US$ 11 to 26/kg (J. Tidwell, 
pers. comm. 2007). Prawns left unsold at the farm-gate have 
been successfully sold in farmers’ markets. Dasgupta (2004) 
surveyed consumers in several farmers’ markets across 
Kentucky and discovered that 20% or more of the respon¬ 
dents were aware of Kentucky-grown prawns in several 
farmers’ markets. In addition, 40 to 80% of respondents 
indicated that they would purchase both whole prawn and 
prawn tails at a farmers’ market. A conjoint analysis showed 
that the most important product attributes to a farmers’ 
market buyer was a product’s domestic origin and the prod¬ 
uct’s price. The product’s state (fresh vs. frozen) or form 
(whole vs. processed tails) was relatively unimportant, i.e. 
consumers in farmers’ markets found whole prawns as ac¬ 
ceptable as processed tails. 

Hanson et al. (2005) compared opinions of rural and ur¬ 
ban US consumers towards freshwater prawn, by using mail 
surveys. Results confirmed that freshwater prawns were a 
new item to most consumers with only 29 and 31% of 
the rural and urban respondents, respectively, having con¬ 
sumed freshwater prawns. Gender (female) and higher ed¬ 
ucation were significant (p < 0.01) explanatory variables 
for the rural respondents’ propensity to consume prawns, 
while for the urban respondents only gender (female) was a 
significant explanatory variable. The primary reason both 
rural and urban consumers ate prawns was because they 
enjoyed the flavour. Other reasons rural respondents ate 
prawns included price and availability of fresh product. 
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Urban respondents rated health/nutrition and variety in 
diet as the key reasons for consuming prawns after flavour. 
For consumers and non-consumers, the three principal rea¬ 
sons given for beginning or increasing prawn consumption 
were availability of quality products, price and recipes. Be¬ 
cause consumer and non-consumer responses were iden¬ 
tical, similar marketing methods could be used to target 
each group. The ‘willingness-to-pay’ for freshwater prawns 
of rural respondents was US$ 15.48/kg for all respon¬ 
dents, US$ 17.88/kg for prawn consumers and US$ 8.47/kg 
for non-consumers of prawns, while urban respondents’ 
willingness-to-pay was US$ 18.50/kg for all respondents, 
US$20.31/kg for prawn consumers and US$ 9.72/kg for 
non-consumers of prawns. Rural responses suggested that 
their willingness-to-pay for prawns was less than for ma¬ 
rine shrimp or lobster, but not significantly so, indicating 
that respondents do not completely differentiate between 
these shellfish products in terms of value. Urban respon¬ 
dents were willing to pay a significantly lower price for 
prawn tails in comparison to lobster, but not a significantly 
different price for prawns and marine shrimp. Thus, urban 
prawn consumers do not differentiate between the value 
of marine shrimp and prawn products, indicating product 
acceptance and substitutability. 

In a cost of production study conducted by Hanson & 
Sempier (2007) and Sempier & Hanson (2008), marketing 
outlet and price information was obtained. Regional differ¬ 
ences in price per pound received were highly influenced 
by the market outlet type into which the freshwater prawns 
were sold and the proportion of the harvest that was sold. 
Wholesale prices paid to producers were less than for pond 
bank, from home, grocery and restaurant outlets. These 
authors concluded that producers could improve their net 
returns by increasing the price received per pound harvested 
and by selling 100% of the freshwater prawns that were har¬ 
vested. Only 50% of the responding producers sold all the 
prawns they harvested, though the responses did not indi¬ 
cate whether some producers may have actually planned to 
hold onto some portion of their harvest. 

19.2.5 India 

In India, M. rosenbergii is next only to Penaeus monodon in 
production among cultured crustaceans. Easy availability 
of seed due to the advent of hatcheries combined with its 
resistance to major diseases made this prawn very popular 
with Indian fish farmers. Farmed freshwater prawn 
production in India increased from 71401 (12 022 ha) 
in 1999/2000 to 42 7801 (43 395 ha) in 2005/06 (New 
et al. 2008). It is mainly exported as headless, shell-on. In 
2005/06 frozen prawn was exported from India to various 
countries, such as USA (32% in volume), Belgium (26%), 
UK (14%), Canada (8%), UAE (6%), Germany (5%) 


and Malaysia (3%). The USA continues to be the prime 
customer for this species. Since the USA is the largest buyer 
of prawns, the price and export market for this product is 
highly influenced by their policies. However, the market 
share of the USA, which was 56.2% in quantity and 57.59% 
in value during 2001/02, has reduced respectively to 45.46% 
and 49.7% in 2004/05 and 31.9% and 32.2% in 2005/06 
(MPEDA 2004; New et al. 2008). Export to Belgium, UK, 
UAE and Germany also invites much attention. It has been 
noted that there was considerable initial growth and some 
recent decline in the volume of scampi exported from 
India. The quantity of freshwater prawn exported from 
India in 1999/2000 was 26781, which increased to 47561 
in 2000/01 and to 92011 in 2001/02. The export volume, 
which peaked to 10 3791 in 2002/03, subsequently slumped 
to 61911 in 2005/06. The possible factors responsible for 
the recent decline are increased local consumption and 
market pressure (New et al. 2008). Quality is a concern of 
the government of India, which is working to insure that 
the frozen prawns from India meet international standards. 
India has recently (2008) begun farming organic prawns 
(see section 19.8.4); these are now set to enter global trade. 
The first harvest of organic ‘scampi’ (freshwater prawns) in 
Kerala (Plate 5, facing p. 254) was announced in November 
2008 (Anonymous 2008b). 

19.2.6 Bangladesh 

Freshwater prawn farming is a very important economic 
activity in Bangladesh (Chapter 17) but the marketing sys¬ 
tem needs improvement. Recently a study of marketing 
channels in the most important prawn rearing districts, 
Bagerhat and Khulna in southwest Bangladesh, was con¬ 
ducted by Ahmed (2008). Primary data was gathered be¬ 
tween November 2007 and February 2008, during which 50 
key staff were interviewed, including prawn farmers, local 
agents, suppliers, traders, intermediaries, transporters, pro¬ 
cessing plant managers, project staff and fisheries officers. 
The peak harvesting time in this area is November to Jan¬ 
uary. Farmers tend to sell their harvest head-on to traders 
in local markets; 40% is sold directly to traders and the 
rest via fieldworkers fforias ’), who collect from the farms 
and transfer to the traders. The average farm-gate prices 
farmers were receiving at the time of the study ranged from 
US$ <2.50/kg for prawns averaging 25 g to US$ 6.40/kg for 
those averaging 200 g. These prices represent about 30% 
of the retail prices for the prawns in a marketing system, 
managed almost entirely by intermediaries. 

According to Ahmed (2008), farms in Bagerhat and 
Khulna are connected to the international market via a 
chain that involves the forias, prawn traders, agents and 
processing plants. Within 1 or 2 days of purchase (during 
which their prawns are kept on ice), traders supply 20% of 
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their prawns directly to processing plants; the other 80% 
is passed through agents to the processors. Traders, who 
are normally local small businessmen or depot owners who 
are based in local markets near the prawn farming areas, 
pay commission to the agents for this service. The forias 
sometimes receive credit from traders to purchase prawns 
from the farmers; sometimes they also receive credit facil¬ 
ities from the farmers themselves, in the sense that they 
do not pay the farmers until the day after collecting their 
prawns. Prawn traders also often advance money to farmers 
to ensure guaranteed supplies. Prawns are transported to 
the processors in trucks and pick-ups; consignments aver¬ 
age 150kg/trader/day. 

About 35 plants were involved in processing and export¬ 
ing prawns in southwest Bangladesh in November 2007 to 
February 2008 (Ahmed 2008). Cleaning and de-heading 
(which removes ~45% of the weight) is mostly carried out 
by women, while machinery is operated by men. Prawns 
are individually quick frozen (IQF) or block frozen before 
transport in refrigerated vehicles to Mongla Port; here they 
are transferred to freezer containers for shipment. Typically, 
processors export about 4.5 t/day in the peak season, gain¬ 
ing prices for head-off prawns ranging from US$ 7.10/kg to 
5.10/kg, depending on size. Ahmed (2008), reporting that 
the relationship between farmers and their market does not 
always constitute ‘fair trade’, especially when they rely to¬ 
tally on the income from prawn farming for subsistence, 
makes a case for incorporating fair trade practices into cer¬ 
tification systems for this industry. Certification should, in 
the view of this author, be supported by international im¬ 
porting countries to assist poor farmers through sustainable 
prawn marketing. 

19.2.7 Thailand 

Macrobrachium markets in Thailand are more ethnically 
oriented than other Asian countries (H. Kongkeo, pers. 
comm. 2007). Two of the favourite dishes of the Thai peo¬ 
ple are grilled prawns and tomyum kung (sour soup), which 
require very fresh prawns. No one will accept frozen prawns 
for cooking because Thai people prefer the most delicious 
head part of freshwater prawn which is spoiled after defrost¬ 
ing. Therefore Macrobrachium are only sold alive and fresh. 
Live prawns from partial harvesting are mainly transported, 
by small (11) trucks or pick-ups, in heavily aerated tanks 
directly to restaurants through distributors or wholesalers 
of live prawns. These prawns can be kept alive in restau¬ 
rant aquarium tanks or in the live fish tanks of wholesalers 
for at least three days. Fresh or chilled (dead) prawns from 
the final harvest must be sold within one day in domes¬ 
tic fresh markets, in supermarkets through wholesalers, or 
through auction in the central fish market in Bangkok, be¬ 
cause frozen prawns are not acceptable. Chilled prawns in 


insulated containers are mainly transported by light trucks 
(2-31). Wholesalers of chilled prawns must deliver these 
prawns to domestic fresh markets in the early morning. 
Prices for live prawns are about 50 to 100% higher than 
those for prawns in fresh or chilled form. The prawns will 
be worthless if the shell colour has become pale. Frozen 
products are only sold to the export market, which is a 
small portion of the total production. However, despite the 
fact that few Thai freshwater prawn farmers are currently 
interested in exporting their product, it has been reported 
(Anonymous 2008a) that Thailand exported one quarter of 
its farmed product in 2006, to the USA (43%), other Asian 
countries (38%) and the EU (18%). Eighty-five percent of 
its exports were in frozen form. Further information about 
the current characteristics of freshwater prawn farming in 
Thailand is provided in Chapter 17. 

19.2.8 Taiwan 

In the early 1980s, the small sizes from harvests in Taiwan 
were sold at a relatively satisfactory price, almost equal to 
the larger sizes and much less expensive to produce. Feed 
conversion ratios (FCR) were found to be better for the 
smaller-sized animals. Fuelled by the domestic demand for 
small freshwater prawns, increased stocking densities led to 
greater productivity per unit area. However, highly intensive 
cultivation probably contributed to the water quality and 
disease problems that produced the rapid decline which oc¬ 
curred in Taiwanese production, and this marketing strat¬ 
egy is not to be recommended. Many other countries have 
a tradition of freshwater prawn consumption. Marketing 
in these areas presents few real problems. The product has 
always been well accepted, so marketing in areas such as the 
Indian sub-continent, Southeast Asia, etc., will therefore 
not be detailed here. The existence of a capture fisheries for 
the species vastly simplifies the marketing of the cultivated 
M. rosenbergii. 

19.2.9 Comment 

Care should be taken about the true origin of products, in¬ 
cluding freshwater prawns. Some countries import prawns 
from other countries for processing and re-export. In such 
cases, the reputation of the exporter is the most important 
factor in selecting prawns for sale. For the consumer, careful 
examination of the wording on the labelling (of packaged 
products) is advisable. 

19.3 Marketing live or fresh prawns 

Marketing live or fresh product is defined by its ability to 
survive during transport and display, and its shelf life. A 
large proportion may be pre-sold before it is harvested. It 
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needs to be moved rapidly to the ultimate consumer for 
acceptable quality to be maintained. If non-live product is 
to be held for any length of time, it should be frozen. 

19.3.1 Marketing live prawns 

D’Abramo et al. (1995) stated that adult freshwater prawns 
can be successfully transported live for at least 24 hours at 
a density of 600 g/L, with little mortality and no observed 
effect on the exterior quality of the product. Transport un¬ 
der these conditions requires good aeration. Distribution 
of prawns on ‘shelves’, stacked vertically within the water 
column, helps to avoid mortalities caused by crowding and 
localised deterioration in water quality. Holding animals 
in water with a comparatively cool temperature (20-22°C) 
minimises incidences of water quality problems, as well as 
the injuries caused by encounters, by reducing the activity 
level of the prawns. Live animals can be transported densely 
if they have sufficient oxygen. Prawns will normally survive 
fairly well for a week densely packed in restaurant aquaria 
with a functioning biofilter. 

In Thailand, as noted in section 19.2.7, a large percent¬ 
age of the cultivated freshwater prawns are sold as live ani¬ 
mals to restaurants that display the product in aquaria and 
sell from them. These live animals bring a premium price, 
which justifies the higher handling costs. Farmers in Thai¬ 
land auction the live product to truckers at a central farm. 
The truckers deliver the live product to seafood restaurants 
in centres of population, using small pick-ups with tanks 
and aeration devices to keep the product alive during trans¬ 
port. Farmers also sell fresh product (not alive) at a price 
significantly lower than the price for live animals to the 
same truckers. Thai farmers might improve their net profit 
by developing a marketing co-operative and controlling the 
distribution directly but it is possible that the additional 
investment and effort might better be used to expand pro¬ 
duction. There is a significant risk associated with losing 
control of distribution, but the costs associated with gain¬ 
ing control of the market are significant. In Thailand the 
product is well accepted and the channels of distribution 
are well established. 

In other markets the problems are different. Fishing 
ponds are popular in Taiwan where customers fish for their 
own prawns. This seems to be a very profitable enterprise. 
The captured prawns are weighed and the prawn fishermen 
pay according to the weight of the captured prawns that 
they take home, or cook on the premises in outdoor barbe¬ 
cues. According to Liao & Lu (1995), the sale of live prawns 
to urban fee-fishing operations is one of the major market¬ 
ing outlets for prawns in Taiwan. Although Chien (1992) 
noted that freshwater prawn prices more than doubled be¬ 
tween 1983 and 1984, due to the popularity of recreational 
fishing (angling) for prawns in urban areas, his analysis sug¬ 


gested that the expansion of prawn farming in Taiwan could 
not be based upon the live market segment for fee-fishing 
prawns. In contrast, Lo 8t Hwang (1994) recommended that 
Taiwan’s industry consider ‘value-added leisure’ marketing 
niches, such as fee-based recreational fishing services. 

Freshwater prawns are very active and make an interest¬ 
ing feature in an aquarium. The main problems are their 
tendency to eat expensive fish and that other fish will eat the 
prawns, especially just after a moult. The prawns are exotic 
in appearance and have a reasonable life span in aquaria. In 
California they are marketed by Blue Lobster Farms, as well 
as a number of aquarium shops. Prawns can also be used 
as bait. They are very active and attract many types of fish. 
Some fishermen will pay a large premium, up to twice what 
they will sell for as food, for live active freshwater prawns; 
they are very effective in freshwater, brackishwater and sea¬ 
water fishing. If the farm cultivating freshwater prawns is 
near popular fishing areas, selling some freshwater prawns 
for bait may be a very attractive option. Postlarvae (PL) 
may also be sold to hobbyists and schools. In Florida, PL 
were being sold for up to US$ 100/1000 in 1999 in lim¬ 
ited quantities. Quantities above 10 000 were being sold for 
US$ 50-60/1000 (B. Patterson, pers. comm. 1999). How¬ 
ever, such activities should be practised with caution. Their 
use for bait is only advisable where M. rosenbergii is indige¬ 
nous, in order to avoid the introduction of an exotic species 
in natural waters. 

Live markets for prawns have recently been evaluated by 
Kentucky’s aquaculture specialists. Asian grocers in New 
York and Chicago have shown a strong interest to purchase 
live freshwater prawns at prices varying from US$ 13 to 
17/kg. These prices did not include the transportation cost, 
i.e. the sellers must arrange for transportation of the live 
prawns to the Asian grocers (S. Coyle, pers. comm. 2007). 
Clearly, live transportation, or finding a suitable live hauler, 
is the main deterrent for small-scale US producers enter¬ 
ing this market. Another problem involves logistics, where 
a live-hauling truck must travel to multiple farms to ob¬ 
tain sufficient product to make the trip to New York or 
Chicago profitable. Advantages of these markets include a 
year-round demand that peaks before September, and most 
buyers consider a smaller animal (average size 20 g) accept¬ 
able, with no size-based price discrimination. 

19.3.2 Marketing at the farm-gate 

Farm-gate marketing occurs in Brazil but it is not very 
common. However, prawns are frequently offered along the 
roadsides. Some farms, which are near to tourist or com¬ 
mercial routes, take advantage of these strategic sites to sell 
whole prawns (fresh or frozen). In the late 1990s, a large 
farm near an important tourist beach in the Amazon re¬ 
gion was selling almost all of its production at roadside 
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sites during holiday periods (P. Moraes-Riodades, pers. 
comm. 1999). Many small farmers market prawns directly 
to friends, colleagues and relatives; in addition, prawns are 
often delivered to customers’ homes or work places. Com¬ 
ments on the farm-gate marketing of freshwater prawns in 
Brazil are contained in section 19.10.1. 

In Costa Rica, the sole freshwater prawn farm is situated 
on a road leading to the major beach resorts in the area. 
Fresh product is offered at prices slightly higher than the 
wholesale delivered prices. Frozen product is available if all 
of the freshwater prawns are not sold within the first two 
days after harvest. The frozen product is not allowed to be¬ 
come more than two weeks old before it is sold. Live product 
and processed product are available only by special advance 
order. Billboard-type signs on the road announce the avail¬ 
ability of freshwater prawns. Contacts are made with local 
restaurants, bars and hotels offering recipes and special 
promotions of the product. The farm’s roadside stand stays 
open seven days a week when product is available. 

Other lessons can be learned from the experience of sell¬ 
ing prawns live in Costa Rica. Other products, such as Do¬ 
rado ( mahi mahi) and tilapia, are purchased for resale, in 
order to make the farm’s roadside stand more useful to the 
customers. When they are available, ornamental fish are 
also sold. Sales at the roadside stand are the most profitable 
sales and most are for cash. Point-of-purchase promotions 
include price signs, instructions on how to take care of the 
product and recipe flyers with three to five recipes showing 
interesting ways to prepare freshwater prawns (included 
in section 19.11.2). Banners and flags can be important 
ways to attract more traffic to farm-gate sales points. Flags 
and pennants that are fresh and clean attract attention and 
get people looking at the product. Balloons have also been 
found helpful; they are inexpensive and can be very effec¬ 
tive. Sales to employees are a special situation. The price 
needs to be attractive to discourage theft and for them to 
feel that they are receiving a special deal, but not so at¬ 
tractive as to encourage resale activity on the part of the 
employees. Pricing is designed to remain relatively stable. 
The retail sales price (1999) of‘jumbos’ (6-12/kg) were ap¬ 
proximately US$ 10/kg; other sizes were cheaper. Prices are 
adjusted every four months to keep them in line with ma¬ 
rine shrimp prices. During times when marine shrimp are 
very expensive, freshwater prawns are slightly cheaper than 
marine shrimp. In 2006 the large farm in Costa Rica offered 
Langostinos at their restaurant. The Langostinos were pro¬ 
moted by e-mail advertising to the local tourist hotels. The 
response was somewhat overwhelming. A significant per¬ 
centage of the potential clients are attracted by something 
different. At the farm’s own restaurant, aquaria display live 
Macrobrachium, as well as catfish and ornamental fish. 

Several farms in the French West Indies offer tourists 
the opportunity to buy freshwater prawns and to visit the 


farms and test Caribbean traditional recipes in a restau¬ 
rant located close by. One example is ‘ Habitation Lagrange’, 
near the 10 ha farm of Seguineau, on the Atlantic coast of 
Martinique, along the main tour road of the island. Several 
small farms supply traditional restaurants built in the hills. 
Customers are invited to go to the farm to see the ponds and 
to buy prawns at a ‘wholesale price’, in the same way as rum 
is sold in traditional distilleries. Similar marketing activities 
are conducted in Guadeloupe. This technique is linked with 
a general trend to add value to all traditional and typical 
products of the island: handicrafts, rum, flowers, etc. 

In Hawaii many farms sell a large percentage of their 
prawns at the farm-gate as a fresh product. Regular harvests 
have allowed farmers to offer fresh product at the farm-gate 
since the 1970s. For example, Amorient, the biggest shrimp 
and prawn farm in 1982 (45 ha, l /i used for Macrobrachium 
production) offered tourists a ‘visit and taste’ break during 
their round-trip bus tours from Honolulu. Tourist groups 
were driven to ponds where they could take pictures of 
manual harvesting. Next they went to a ‘tasting hall’ where 
they could purchase plastic ramekins (a small Japanese- 
style plastic disposable tray) full of freshly boiled tails with 
different sauces. The tasting hall displayed aquaria with live 
shrimp and prawns of different sizes and posters on the 
ecology and the biology of these species. Caps and T-shirts 
with the farm logo and various types of shrimp and prawn 
drawings were available at the gift store. The excellent loca¬ 
tion of the farm, near the northern highway to the surfing 
beaches, the interest of people in the new and exotic activity 
(aquaculture) and the good management of the bus visits 
resulted in the sale of the entire production at a very prof¬ 
itable price, US$ 4.4/kg above the marine shrimp price at 
that time (US$ 19.8/kg). Farm-gate marketing is a function 
of local conditions. Some Hawaiian farms set up a specific 
day every week, when farm-raised prawns will be avail¬ 
able. Many people drive considerable distances to purchase 
prawns. The roadside signs are modest, basically saying, for 
example, ‘fresh shrimp available Tuesday and Friday 8:00 to 
10:00 a.m’. These roads have substantial traffic. Sometimes 
calls are made to customers that have registered with the 
company to notify them of prawn availability. 

The Sabana Grande farm in Puerto Rico used to sell 
directly to tourists and locals. A signpost with a great logo 
and the brand name ‘Langostinos del Caribe’ helped drivers 
to reach the farm from the southern highway. Caps, T-shirts 
and prawns in various sizes and packaging were available. 
In 1988, sales at the farm-gate represented about 30% of 
total sales and were very profitable. Most of the rest of the 
domestic sales went to major local hotels and restaurants. 

Seven farmers who participated in prawn farming trials 
in 1981 in South Carolina sold a significant portion of their 
product with a small newspaper advertisement stating that 
fresh prawns would be available at harvest time (Liao & 
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Smith 1983). The majority of consumers rated the product 
excellent in taste, texture and ease of preparation. Some 88% 
said they would buy it again. Most expressed a preference 
for the head-off fresh product. The summary of the study 
indicated a very good market for the product. 

Farm-gate marketing is the most successful outlet for 
prawns in Kentucky. The prawns are typically sold whole, 
on ice, at prices ranging from US$ 15 to 26/kg. As such, this 
is one of the most profitable markets available to small- 
scale producers. However, there are caveats that qualify 
this market. For example, farms that are located near large 
metropolitan areas enjoy a natural advantage of having a va¬ 
riety of consumers desiring the product, such as urbanites 
wanting freshly-harvested seafood or ethnic buyers who 
crave live/fresh prawns. Dasgupta et al. (2007) indicated 
that consumers most willing to purchase locally-grown 
prawns are typically more educated, affluent and aware 
of the state’s freshwater prawn industry. Farmers who are 
successful in farm-gate sales typically have an established 
clientele, which they had cultivated through years of provid¬ 
ing consistently high-quality products. Many have a variety 
of featured products besides prawns, such as fresh tilapia, 
catfish, free-range chickens and eggs, fresh fruits and veg¬ 
etables, etc., that interest a wide selection of consumers. 
Farmers advertise their harvest/marketing dates and farm 
location in the local media, and other sites such as farm¬ 
ers’ markets and restaurants/groceries featuring food that is 
‘locally grown’, ‘fresh’, ‘naturally grown’, ‘organically grown’, 
etc. On the marketing date, the prawns must be harvested 
and purged in clean water prior to the arrival of the first 
customers. Hence, this market requires careful scheduling 
of harvests and strategic advertisement that attract buyers 
interested in fresh/live seafood. 

It is very important that any sales facility marketing fresh¬ 
water prawns should support the image of the product. It 
must be clean and attractive and the personnel involved 
should be clean and attired appropriately. It is very im¬ 
portant that the product should be displayed correctly, be 
fresh or frozen properly, and be packaged to support the 
image (Fig. 19.1). Personnel need to be well trained and to 
know how to prepare the product and care for it; they also 
should be courteous and professional. Signs can be simple, 
but should be neat and supportive of the general image of 
cleanliness and freshness. 

19.3.3 Marketing fresh prawns 

In several Caribbean islands, there is a confusion of names 
between the indigenous species ( Macrobrachium carcinus) 
(see Chapter 23) and the imported M. rosenbergii. The for¬ 
mer is known as a delicacy in traditional Caribbean cooking; 
the numerous names come from old ‘creole’ terms, such as 
‘Cribiche’, ‘Z’habitants’ or ‘Ouassous’ (king of the springs). 



Fig. 19.1 Freshwater prawns packed by Ferney Aqua¬ 
culture, Mauritius. (Reproduced with permission of Yann 
von Arnim.) 


Over-fishing and river pollution have made them scarce. 
When M. rosenbergii-was introduced in the mid-1970s in the 
Caribbean, all retailers and restaurant managers used the 
reputation and the name of the genuine Caribbean prawns 
to sell its cultured ‘cousin’ at the same high price. Today, al¬ 
though increasing quantities of prawns are imported from 
Southeast Asia to meet local and tourist demands, the an¬ 
cient and positive image of the Caribbean species facilitates 
the sales of fresh M. rosenbergii produced locally. The fresh¬ 
ness and the ambiguity between the two species result in a 
high demand for the cultured ‘genuine’ product. It is actu¬ 
ally a guarantee of quality, which justifies the higher price 
and secures local producers a marketing advantage over 
imported competition. 

In Brazil, some small farms send whole fresh prawns, 
transported on ice, to retail outlets and restaurants, as well 
as directly to consumers (Valenti 1996; Valenti & Moraes- 
Valenti 2004). In Costa Rica, fresh product is sold to restau¬ 
rants, hotels and supermarkets; much of it is sold at the 
farm-gate (~35%), while the rest is sold in the capital city 
(San Jose) or to beach resort restaurants and hotels. In San 
Jose, supermarkets purchase 40% of the product and the rest 
is sold to restaurants. As formerly in Puerto Rico, trucks are 
used to deliver fresh product to restaurants, supermarkets 
and seafood retailers in Costa Rica. Frequently, the super¬ 
markets repackage the product in shrink-wrap containers; 
in other cases they sell the product fresh by weight. Some¬ 
times they freeze the product for future sales. 

Consumer preference can be very location-specific and 
sometimes unexpected. While preferences for ‘head-on’ or 
‘head-off’ prawns are commonplace, Egyptian consumers 
are said to prefer, unusually, ‘claw-off’ freshwater prawns 
(Sadek & Moreau 1996). 
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In the early 1990s, a programme was developed to pro¬ 
duce M. rosenbergii in El Salvador (S. Malecha, pers. comm. 
1992). The product was branded and shipped to the USA 
for marketing as frozen product. Almost all of the produc¬ 
tion, however, ended up being sold fresh for consumption 
in El Salvador. Currently there is only artisanal production 
of prawns in El Salvador. At one time Guatemala, Elonduras 
and Panama all had commercial farms producing M. rosen¬ 
bergii. Currently production is very limited (Chapters 1 and 
17) and most is sold fresh. 

In Puerto Rico, the main farm exported an average of 
50% of its production to several continental American cities 
through Federal Express or United Parcel Service, though 
the local versus the continental US proportion was very 
variable. Half of these exports (fresh) were for New York 
where specialised restaurants are numerous. The other half 
was dispatched to a dozen other cities along the eastern and 
the southern coasts of the USA. 

In 1992, M. rosenbergii , once Hawaii’s most popular 
species, was said to have enjoyed a comeback over the pre¬ 
vious two years (R. Fassler, pers. comm. 1998). This was 
due to an improvement in production and to a dramatic 
rise in the whole animal price to US$ 15.45 to 19.85/kg. 
Most of the product is sold to the state’s rapidly expanding 
Southeast Asian population. 

In addition to sales of live animals, which fetch the best 
price, M. rosenbergii is also sold fresh and whole in restau¬ 
rants and seafood markets throughout Thailand (see section 
19.2.7). 


19.4 Marketing frozen prawns 

Prawn tails which are frozen in ice blocks may be stored for 
over a year and still be very satisfactory, although six months 
would be more advisable. Frozen whole prawns can also be 
stored for long periods of time but they must be frozen 
and held at very low temperatures to retard the enzymatic 
action of the hepatopancreas (J. Glude, pers. comm. 1992). 
As stated in Chapter 18, whole frozen freshwater prawns 
will turn ‘mushy’ if they are thawed and re-frozen or if 
they are frozen and held above -20° C. This is a critically 
important consideration, since thawing and re-freezing is 
commonplace with the marine shrimp tails used in restau¬ 
rants, despite it being bad practice! Freshwater prawns have 
a subtle and distinctive flavour. This topic is also addressed 
in Chapter 18. 

In Brazil, frozen prawns are sold to supermarkets, re¬ 
tailers, restaurants, hotels and along the roads. Brazilian 
farms mainly market whole prawns (Valenti 1995; Valenti 
& Moraes-Valenti 2004). Frozen tails or peeled prawns are 
scarce. Big farms freeze prawns at -35°C and sell them 
to big supermarkets. However, several small farms freeze 


prawns using domestic freezers at -18°C and the result is a 
poor-quality product. 

In Toronto, Canada, whole M. rosenbergii were being 
sold in Kensington market in 1999 under the name ‘Tiger 
Shrimp’ for CANS 24.0/kg. They had been defrosted prior 
to display. 

In Costa Rica the product is frozen for very short periods 
before sale. Very seldom does the packing operation have 
frozen product in storage for more than two weeks. The 
product is chilled, as it was in Puerto Rico (see below), 
sorted and packed into 1 kg plastic bags and then frozen. It 
is not glazed or vacuum packed; both of these techniques 
were found to significantly prolong the useful life of the 
frozen product but, due to the rapid consumption of the 
frozen product, there did not seem to be any need for this 
extra process. 

The Sabana Grande farm in Puerto Rico prepared a list 
of basic guidelines for purchasers of M. rosenbergii (Box 
19.1). About 60% of their product was sold frozen. Almost 
all product problems were traceable to mishandling. Once 
the consumers understood the requirements, they became 
loyal customers. Sabana Grande experimented with various 
forms of packaging, including the traditional 5 lb (2.2 kg) 
prawn boxes. The farm chilled the product, sorted it, and 
then rapidly froze it in an ice-cream hardening freezer which 
froze at -35°C. Frozen at this level and maintained at a very 
cold temperature, the product was quite acceptable after 
12 months of storage. Where freezing facilities are less ef¬ 
ficient (freeze more slowly), however, six months’ storage 
would be more advisable. In Puerto Rico, the prawns were 
glazed with a very thin mixture of syrup and water, to pre¬ 
vent oxidation. Block freezing accomplishes the same goal 
but, when the product is shipped, the ice adds a great deal 
of weight. 

Heads-off freshwater prawns have been sold in conti¬ 
nental USA for a long time. Chauvin & Rhodes (1982) 
discussed the marketing of frozen freshwater prawn tails 
from Bangladesh and Myanmar. Quality issues plagued this 
product. Mishandling or freezing at an insufficiently low 
temperature produced a reputation for this product as be¬ 
ing mushy and undesirable, a factor which has, until re¬ 
cently, hindered the effective marketing of frozen farmed 
freshwater prawns in the USA. In 1982, several New York 
importers ceased purchasing freshwater prawns because of 
inconsistent quality and past problems with FDA rejec¬ 
tions. In general, at that time, the market channel members 
regarded the imported headless prawn as an inferior sub¬ 
stitute for penaeid (marine) shrimp. In 1978 the prawns 
from Bangladesh were sold in California as tails, as an in¬ 
expensive substitute for marine shrimp. In 1998 Thailand 
began block freezing cultured de-headed Macrobrachium. 
They then shipped the prawns to a processor in Mississippi 
who defrosted the product, individually quick-froze (IQF) 



Marketing and Preparation for Consumption 


43 i 


them and sold them to institutions and supermarkets. Block 
frozen tails from Thailand were once all exported to Japan 
but Thai exporters were said to be developing other mar¬ 
kets in the late 1990s and the product was of a very high 
quality, according to the Albertson’s Supermarket chain (H. 
Phillips, pers. comm. 1998). In 1998 this US chain bought 
about US$ 5 million retail value of this product; sometimes 
the product was in short supply. Its retail price (Novem¬ 
ber 1998) was US$ 24.2/kg. No significant quality problems 
were encountered with this product. 

Currently, in Kentucky (USA), prawns that are left 
unsold in farm-gate markets are usually de-headed and 
frozen. Farmers with access to processing plants, freeze the 
prawn tails to prevent spoilage and extend the marketing 
season. Frozen prawn tails are usually more difficult to 
market because the freshness of the product is one of 
its discriminating attributes; locally-grown prawns over 
frozen imported prawns or frozen marine shrimp tails. 
Osunde & Dasgupta (2007) reported the cost of freshwater 
prawn tails in Kentucky to be US$31/kg. Consequently, 
many buyers are unwilling to pay the prices necessary 
for Kentucky-grown frozen prawns to be sold at a profit. 
Despite this, frozen prawn tails have been sold profitably in 
farmers’ markets in Kentucky and a few local restaurants, 
which confirm that judicious niche marketing can reap 
great benefits. However, it is also apparent that markets for 
frozen tails in Kentucky, and in neighbouring states, are 
extremely limited; producers are therefore encouraged to 
sell most of their product in live or fresh markets. Special 
information on the marketing of freshwater prawns in 
grocery stores, and during food and harvest festivals in the 
USA, is provided in sections 19.5 to 19.7. 


19.5 Marketing at grocery stores in 
the USA 

Gallardo (2004) analyzed consumers’ willingness-to-pay 
for freshwater prawns in an urban (Germantown, Ten¬ 
nessee) and a rural (Starkville, Mississippi) grocery store 
outlet. Grocery store pricing experiments yielded revealed 
preference data, as actual sales of each prawn product form 
were collected and the researchers controlled and changed 
the selling price on a weekly basis. The 10-week grocery 
store experiment consisted of selling individual quick frozen 
heads-on (whole) and frozen headless (tail) freshwater 
prawns with weekly product forms (heads-on and headless 
forms) being alternated and new prices applied weekly. The 
prawn product was displayed in the fresh seafood counter. 
Results from the pricing experiment indicated that the price 
consumers paid for freshwater prawns in the rural grocery 
store for large tails, jumbo tails, large whole and jumbo 
whole prawns (US$20.86, 26.61, 12.86 and 16.30/kg, re¬ 


spectively) was higher than the price paid for the same 
product forms in the urban grocery store (US$ 15.06,26.20, 
10.28 and 11.97/kg, respectively). However, the urban store 
sold six times the quantity of jumbo tails, three times the 
quantity of large whole prawns, and seven times the quan¬ 
tity of jumbo whole prawns, than the rural store. Thus, 
in terms of revenue received, the higher price received in 
the rural grocery was offset by the lower price and higher 
quantity sold in the urban grocery store. 

Market share results from the Gallardo (2004) study 
showed that freshwater prawns, although being a new prod¬ 
uct to consumers, have the potential of being accepted. At 
the urban grocery, the market share estimate for prawn tails 
(31%) was lower than for marine shrimp (34%) and lob¬ 
ster (35%). In relation to own price elasticities, the results 
from a tobit model showed that the own-price estimates 
were not significant (p < 0.01), but showed that freshwa¬ 
ter prawns were inelastic goods. For jumbo and large sizes, 
freshwater prawn tails were sold in greater quantities than 
the whole product form, although the difference was slight. 
Therefore, the whole product form, if properly promoted, 
can gain consumers’ acceptance. Also, in-store promotions 
appeared to have a positive effect on sales, emphasising 
the importance of promotional activities to stimulate new 
product introductions. 

19.6 Marketing at food festivals in 
the USA 

The basic idea of a festival is selling cooked prawns di¬ 
rectly to consumers in a setting that will attract people. 
Many festivals emphasise local products, and festival atten¬ 
dees come searching for novelty items. Kentucky currently 
(2008) hosts several annual festivals that are focused on 
food, such as the internationally-renowned Bourbon Fes¬ 
tival in Bardstown, and multiple fall harvest festivals in 
Lexington. Vendors can rent booth space at some festivals 
and sell cooked prawns. Producers can hold on-farm festi¬ 
vals, which are successful when the producer has a faithful 
clientele, in addition to an effective advertising campaign. 
Restaurants, particularly seafood restaurants, also can serve 
as superb festival sites. Restaurants can advertise prawn fes¬ 
tivals around special events such as the Kentucky Derby, 
Mardi Gras and popular sporting events. 

A food festival requires a few basic components: 

• advertisement; 

• a convenient location near centres of population with ad¬ 
equate cooking/seating space, in addition to convenient 
sewage and waste disposal facilities; and 

• advanced planning with respect to required equipment, 
food storage and preparation methods, so that all food 
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vending activities are in accordance with the govern¬ 
ment’s public health regulations. 

Most prawn festivals in Kentucky involve a temporary 
food-vending site such as a tent. The prawns being cooked 
must either be brought alive/unprocessed on ice to the cook¬ 
ing area (as in a Cajun-style crawfish boil), or processed 
and packaged in an HACCP-approved processing facility. If 
frozen prawns are to be used, festivals can be held through¬ 
out the year, instead of being restricted to the prawn harvest 
season. 

Temporary food vending is a relatively simple affair. At 
a minimum, it can consist of a tent where food is stored, 
prepared and sold. Here are some of the basic equipment 
needs: 

• tent with sidewalls/screens to exclude dust, insects and 
pests; 

• freezer equipped with thermometer to keep prawn and 
other frozen, perishable food cold; 

• hot and cold potable (drinkable) water tanks with taps; 

• a wastewater tank and solid waste bins with lids (trash- 
cans); 

• a propane grill and burner for boiling and frying; 

• propane tanks, stainless steel utensils for holding prawns 
during boiling and frying, and stainless steel spoons and 
spatulas for cooking and food handling; 

• two food display tables, and disposable containers, such as 
disposable aluminium foil trays with covers, for holding 
cooked prawns; 

• three plastic containers/buckets for utensil washing; 

• a hand-washing station with spigot and a catch basin; 

• bottle of unscented bleach for sanitising utensils, hand 
washing detergent and paper towels; and 

• disposable hairnets, gloves and aprons. 

Other items to consider include additional equipment for 
preparing side items such as a rice cooker, customer seating 
and entertainment. A potential problem with using a tent 
involves inclement weather: sudden storms can contribute 
to food contamination. Consequently, temporary food op¬ 
erators should cook small batches of food, commensurate 
with their customer volume. 

Restaurants equipped with certified kitchens can be used 
for prawn processing and preparation for direct consumer 
sales. Due to its convenience and intrinsic advertisement 
value, one could use a popular restaurant as a festival 
forum where producers can bring harvested prawns and 
consumers can enjoy the cooked product in a comfortable 
atmosphere. Some restaurants offer ‘specials’ during vari¬ 
ous popular social/sporting events, which are an opportune 
time for a festival. 


Every state has specific regulations regarding storage, safe 
handling and preparation of perishable food items for com¬ 
mercial sales. The easiest means of holding and preparing 
prawns to ensure food safety is to have the product live and 
cook the whole animal at the point of sale. Unprocessed, 
fresh prawn on ice is another alternative to live prawns. 
Processed/de-head prawns must be held in sealed, non¬ 
absorbent containers at 4°C or less until they are cooked 
and served. Uncooked prawns must not be stored in contact 
with other foods such as breads, rice, etc. Cooked prawns 
must have an internal temperature of 60° C or higher, and 
this should be verified by a metal thermometer. The cook¬ 
ing and serving areas must be kept clean and sanitised. A 
simple sanitising agent can be prepared by mixing one table¬ 
spoon of bleach per gallon of water. Food contact surfaces of 
grilles, griddles, cavities and door seals of microwave ovens 
must be cleaned and sanitised at least once per day. All food 
contact surfaces must be kept free of encrusted grease and 
other accumulated wastes. Non-food contact surfaces must 
be cleaned as often as necessary to keep them free of dust, 
food and other debris. Toilets should be conveniently lo¬ 
cated near the food preparation area and utensil wash area. 
Toilets must have a hand washing station such as a water 
cooler with a spigot and a catch basin, soap/detergent and 
disposable hand towels/air dryer. Sinks used for food prepa¬ 
ration and utensil cleaning cannot be used for hand wash¬ 
ing. Garbage must be kept in insect-proof, rodent-proof 
containers that can be lined with plastic bags. Garbage con¬ 
tainers must have tight-fitting lids that must be kept closed 
when not in use. 

Table 19.2 gives an enterprise budget associated with a 
one-day-per-year prawn festival in Kentucky. The budget 
emphasises a daily sale of 182 kg of prawn tails, which is 
typically the yield of a 0.4 ha prawn pond in Kentucky. 
Each serving consists of 5 prawn tails (average tail size: 18- 
count), with multiple side items. The budget suggests that 
the breakeven price per serving is nearly US$ 5.50, which is 
relatively inexpensive when compared to most meals avail¬ 
able in food festivals. The budget clearly shows that prawn 
festivals are profitable, and even if prawn producers are 
disinterested in them, prawn festivals could be a lucrative 
option to catering firms. 

19.7 Marketing at harvest festivals in 
the USA 

Pond-bank or on-farm sales are commonly used to sell 
prawns immediately after harvesting from ponds. This is 
currently (2008) a very good method to sell fresh whole 
product on ice and never have to de-head or process the 
prawns. However, pond-bank sales alone may not generate a 
large enough customer base to sell all the prawns being har¬ 
vested, because the market potential is limited to marketing 
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Table 19.2 Enterprise budget for a freshwater prawn food festival, using data from Kentucky (all monetary values are 
in 2003 US$). 


Item 

Amount 

Units 

Price (US$) 

Value (US$) 

Revenue: 





Servings sold 

1440 

Servings 

7.00 

10 080.00 

Operating costs: 





Processed prawns 

182 

k g 

26.40 

4800.00 

Side items 

1440 

Servings 

0.50 

720.00 

Marinade 

2 

Bottles 

10.00 

20.00 

Spices 

2 

Dispensers 

5.00 

10.00 

Plates, forks, napkins, condiments, etc. 

1440 

Servings 

0.50 

720.00 

Hired labour 

32 

Man-hours 

10.00 

320.00 

Propane 

3 

Bottles 

50.00 

150.00 

Chemicals 




15.00 

Potable water 

378 

Litres 

0.003 

1.20 

Fuel 

38 

Litres 

0.66 

25.00 

Legal fee 




25.00 

Total operating cost (with interest) 




6807.69 

Fixed costs: 





Tent rent 




400.00 

Annual insurance premium 




500.00 

Lot rental fee 




50.00 


Initial value 


Annual 


Item 

(US$) 

Lifespan 

(US$) 


Depreciation: 





Freezer 

200.00 

5 years 

40.00 


Potable water and wastewater tanks, trash cans 

180.00 

5 years 

36.00 


Food display tables 

200.00 

10 years 

20.00 


Containers, thermometer, and trays 

100.00 

2 years 

50.00 


Grill and fryer 

350.00 

5 years 

70.00 


Interest: 





Freezer 

200.00 


8.00 


Potable water and wastewater tanks, trash cans 

180.00 


7.20 


Food display tables 

200.00 


8.00 


Containers, thermometer, and trays 

100.00 


4.00 


Grill and fryer 

350.00 


14.00 


Annual fixed cost 



1 207.20 


Total cost 



8 014.89 


Breakeven price (US$/serving) 



5.57 


Returns to management 



2065.11 



effort and the ability and timing of the producer to attract 
consumers. Therefore, growers in southern Illinois have 
successfully expanded their potential pond-bank sales by 
developing harvest festivals. A harvest festival is a combi¬ 
nation of pre-sold pond-bank sales and arranging carefully 
organised activities to draw many potential customers to 
their farm for a variety of other activities; these include 
craft sales, music, rides and games for children, and eating 
cooked locally-grown prawns. In addition, this provides 
the producer with a way to showcase prawn aquaculture to 
many people at one time, to educate potential growers, and 
to possibly expand the number of producers in the area. This 
has been very effective in recruiting new producers because 


they can see the culture ponds being harvested, how to prop¬ 
erly handle harvested prawns, can taste test them, and can 
see the level of interest the local customers have for prawns. 

In the southern region of Illinois, there have been as many 
as 60 individual growers in a 15 county area. The largest 
grower had about 3.2 ha of ponds. Festivals emerged in ev¬ 
ery county in the region and the harvest time of all the ponds 
was influenced by weather and the first lethal (to prawns!) 
cold weather to come to the area. This meant all the ponds 
in the region being harvested over two weeks or less; in addi¬ 
tion, for harvest festivals to be successful they needed to be 
held on a weekend. Of the 60 individual growers, as many as 
30 harvest festivals were scheduled in the 15 counties over 
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2 weekends. This created problems in some counties 
because of the number of festivals and the ability to attract 
customers during a short period of time. Some festivals 
would sell out of prawns immediately while others would 
have trouble selling all their prawns and would have to 
find immediate alternative markets or have them processed 
in an HACCP-certified facility in order to sell them in 
the future. The growers association, which had formed 
the Shawnee Freshwater Prawn Growers Association, 
named after the southern Illinois or Shawnee region of the 
state, therefore began to market prawns co-operatively via 
harvest festivals. What emerged was a well co-ordinated 
festival marketing effort. 

The 60 or so growers agreed to hold about 15 festivals or 
1 per county and to co-ordinate the festivals on different 
weekends. This eliminated local competition for customers 
in relatively sparsely populated areas. Communication 
between local growers holding festivals was necessary 
to make sure all festivals had a sufficient number of 
customers and supply of prawns. This was accomplished 
by scheduling festivals on different weekends, advertising 
at each other’s festival and co-ordinating supply of prawns 
over time and location. Some growers agreed to market 
all of their prawns at other farms or sites with the greatest 
number of potential customers, which was determined by 
proximity to larger populations and roads, by ease of access 
to the farm, and by previous success at harvest festival 
marketing. Other local growers would then harvest and 
transport their prawns on ice to the local harvest festival 
to sell their prawns. Some growers wanted only to sell 
their entire crop for a set price and did not want to market 
them through a festival themselves. This allowed successful 
festivals to purchase additional prawns at a wholesale 
price to market at their festival and increase their potential 
profit while helping the other growers sell their prawns. 
This simple co-operation worked very well for all of the 
smaller producers. Most festivals could support marketing 
of 225 to 545 kg of fresh prawns and 45 to 135 kg of cooked 
prawns, with approximately half of their fresh prawns 
being sold to pond-bank pre-harvest orders and the other 
half being sold to those attending the festival. 

This co-operative marketing effort worked very well for 
smaller producers but most festivals were not able to attract 
a customer base for more than one hectare of production 
on a given day, especially those in more remote areas. Larger 
growers needed additional marketing outlets. In addition, 
all the growers faced the same risk of potentially low turnout 
at festivals due to poor weather conditions; so the growers 
association looked at other existing festivals in the region, 
which would allow prawns to be sold. There were several 
larger non-food festivals in the region and some even al¬ 
lowed the prawn association to co-host and showcase prawn 
aquaculture while marketing frozen processed and cooked 


tails at booths. Several of these festivals already drew 10 000 
or more people and provided an ideal way to potentially 
market a large number of prawns to these customers and 
allowed larger growers to have additional festivals to sell 
their prawns. In addition, this provided all the growers 
backup festivals to market their prawns if their local har¬ 
vest festivals had not been successful in marketing their 
entire supply of prawns. To successfully market prawns at 
a larger festival, which draws customers for other reasons, 
it is necessary to provide coolers or some customers will 
not be able to purchase prawns because they lack a way to 
store prawns for cold transport to their home. In addition, 
the requirements are similar for non-food festivals as those 
mentioned in section 19.6). 

In Illinois, an association cannot set a price but the grow¬ 
ers all agreed to retail their prawns for US$ 17.50/kg for fresh 
and US$ 37.50/kg for de-headed and IQF frozen and pack¬ 
aged prawns. This eliminated price competition, protecting 
the market value of the product. The association growers 
were also able to control the quality of the product and 
ensure proper handling and storage because all the grow¬ 
ers co-ordinated their efforts. The market price of prepared 
meals at harvest festivals or festival booths varied between 
US $5 to 7 per plate, which included 4 or 5 cooked tails and 
a side item. 


19.8 Developing a marketing strategy for 
freshwater prawns 

Kennedy (1991) defines marketing as getting the right mes¬ 
sage to the right people via the right media and methods. 
In this book, the chapter on processing (Chapter 18) out¬ 
lines the strengths and weaknesses of M. rosenbergii. The 
right message means an appropriate message for the prod¬ 
uct and the targeted consumer. Marketing strategies for 
Macrobrachium need to be tailored to the specific situation 
of the selling entity and the potential buyers. As with any 
marketing strategy, the seller needs to determine the po¬ 
tential market for the various forms of the product and the 
profitability of delivering to that market. For example, if the 
volume of product produced is large but inconsistent and 
the market is also very large, frozen product maybe the best 
way to plan to market it. 

As with most products, it can be advantageous to estab¬ 
lish a reputation for a high-quality product and begin the 
higher volume marketing later. If a product is introduced 
with a very high price and very high quality, it is simple to 
reduce the price and sell more of the high-quality product. 
On the other hand, if the product is sold cheaply with lit¬ 
tle regard for image and quality, it is very difficult to raise 
the quality image. If a farm starts by marketing fresh and 
live product to sophisticated buyers, who use the product 
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correctly to produce very high-quality dishes at seafood 
restaurants with high-quality images, the product will prob¬ 
ably be well accepted when it is time to begin merchandising 
to a larger audience. 

Market research has been used to try to find the reac¬ 
tion to M. rosenbergii (see section 19.2). One study in 1984 
(H. Phillips, pers. comm. 1999) reported that the Hawaiian 
public needed extensive education to become mass con¬ 
sumers of freshwater prawns. This study missed the point 
that only a very small percentage of total consumers were 
required to purchase all the prawns that could reasonably 
be produced in that location. 

Niche marketing seems to be appropriate for this prod¬ 
uct. Liao & Smith (1983) found that 50% of the retailers 
involved in a study in South Carolina indicated that sales of 
whole prawns would be acceptable. Restaurants said they 
would purchase whatever fresh product was available and 
two out of three restaurants found the frozen prawns ac¬ 
ceptable. Some of the farmers participating in the study 
sold the product directly to the consumer as fresh or frozen 
tails. The conclusions were that there was a high acceptabil¬ 
ity of cultured prawns by seafood retailers, restaurants and 
buyers in direct sales markets in South Carolina. The fact 
that prawns were not always available did not appear to be 
a major problem. 

A significant part of developing a market strategy would 
be to identify and locate customers with a high probability 
for purchasing at an appropriate price. For Macrobrachium 
it might be the following: 

• upscale seafood restaurants; 

• seafood markets; 

• ethnic restaurants that use whole prawns in dishes such 
as Spanish paella, French bouillabaisse, and many Thai 
dishes; 

• ethnic markets that target groups of people who fre¬ 
quently buy premium-quality seafood, such as Japanese, 
Chinese, Cajuns, Portuguese, etc; and 

• organic markets. 

It is relevant to consider the personal experience of one of 
the authors of this chapter in Costa Rica, which is detailed 
in sections 19.8.1 and 19.8.2. The major problem that mar¬ 
keting must address for M. rosenbergii is the handling and 
use of the product by customers and distribution channels. 
Most customers do not really know how to maintain the 
product in good condition. 

19.8.1 Marketing strategies directed at restaurants 
and retail outlets 

Chefs who are familiar with frozen marine shrimp tails 
think that the freshwater prawn product can be handled 


in the same fashion. Despite the fact that no responsi¬ 
ble vendor would recommend freezing and thawing and 
re-freezing numerous times before use, this is a common 
practice with marine shrimp tails. When this technique is 
used with Macrobrachium, particularly with whole animals, 
the product turns mushy and tasteless (Chapter 18). A ma¬ 
jor marketing goal is to convince chefs to use and handle the 
product correctly. In many cases this is extremely difficult. 
Experienced seafood chefs are not inclined to listen to sales 
people. 

In Costa Rica it was found that if the product require¬ 
ments were directly addressed, chefs were warned about the 
potential problems, and demonstrations of the correct way 
to handle the product were provided, only about 10% of the 
chefs would follow these suggestions. On follow-up calls, 
however, when the chefs would tell farm staff how mushy 
and unsatisfactory the product was, it was possible to begin 
to show them how to handle the product. Unsatisfactory 
product was always replaced and the problem explained 
to the chefs and other people working with the product. 
Without this sustained effort, the product would be pur¬ 
chased only when marine shrimp were not available, and 
the chefs would always complain. After working with the 
chefs with patience, persistence and a careful understand¬ 
ing of their problems, however, these same chefs became 
excellent salespeople who convinced other chefs to use the 
product. Any chef in a major restaurant has a very difficult 
and complicated job, so working with them is necessary and 
rewarding as well as sometimes frustrating. If a sales effort 
ends up convincing half of the chefs to follow the proper 
procedures, it is very successful. These chefs are then excel¬ 
lent customers. It usually takes several months for them to 
become fully convinced. 

To deliver this message takes well-trained sales represen¬ 
tatives who need to be fully informed as to the benefits and 
requirements for satisfactory use of the product. The phi¬ 
losophy of the product needs to be clear. The most effective 
sales presentations can be the testimonials of satisfied cus¬ 
tomers. The satisfied customer is also a repeat customer. 
It is impossible to over-use testimonials. It is necessary for 
trained sales representatives to contact the customer after 
the first sale to make certain they are satisfied. If the cus¬ 
tomer is not satisfied, then the representative can help deal 
with the problem. Their other important role is to keep 
the customers informed about product availability. When 
product is scarce, the customer needs to be kept fully in¬ 
formed. 

Another effective sales promotion is to use chefs’ schools, 
cooking schools and TV cooking programmes to promote 
the product. They are often looking for something novel and 
distinctive to help make their programmes more interesting. 
This technique provides an effective support for long-range 
sales. Sponsoring cooking contests for professional chefs is 
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one way of recognising chefs and getting them involved with 
M. rosenbergii. 

Retail sales outlets need to be supported. In supermar¬ 
kets, point-of-purchase materials need to be made available 
for the stores to use. It is a good idea to have the materials 
in all appropriate languages. Point-of-purchase materials, 
for example, are mentioned in section 19.9. Frequently, in¬ 
store cooking demonstrations help a supermarket sell the 
product. 

19.8.2 General marketing advice 

Various presentation leaflets were developed in Costa Rica 
in the 1990s, which were given to chefs and purchasing man¬ 
agers in supermarkets. These emphasised that the product 
is a gourmet, farmed prawn that was very different from any 
shrimp on the market at that time. Customers were told that 
it is grown in a pure freshwater environment, which gives 
it a delicate taste and tender consistency unmatched by the 
briny flavour and tough texture of marine shrimp. With its 
brilliant blue and slender claws, this new exotic species not 
only looks unique but its taste is unforgettable. Serving M. 
rosenbergii is in accordance with the trend to healthier din¬ 
ing - more seafood than meat, fewer calories, lower sodium 
and cholesterol. The leaflets urged that adding this delicious 
new seafood speciality to your home or restaurant menu is 
the best way to make it distinctive and to increase profits. A 
collection of promotional literature from various countries 
is shown in Figure 19.2. 

It is very important that sales representatives are honest 
with customers. Frequently, fish (and other!) sales peo¬ 
ple have a reputation for not being completely honest. If 
the sales representatives for freshwater prawns maintain a 



Fig. 19.2 A collection of marketing literature from 
France, the Philippines, Puerto Rico and the USA. (Re¬ 
produced with permission of Denis Lacroix.) 


strict regime of honesty in regard to weights, prices and 
product availability, and take responsibility for problems, 
it enhances the reputation of the product and helps to de¬ 
velop a solid customer base. In marketing, it is always worth 
using the fact that many of the most prestigious restaurants 
and hotels use the product. These examples of loyalty lend 
the needed credibility to the product and allow direct con¬ 
tact with new chefs. Promotional material for chefs may 
include references from other chefs, a list of clients, the 
guidelines information sheet (Box 19.1) and recipes using 
whole freshwater prawns (see section 19.11.2). 

If the economics justify establishing a brand name, this is 
a way of protecting the quality image of the product. It may 
even be sensible to establish two brand names if the product 
is used in both retail and catering outlets, because chefs like 
to be able to purchase something the ordinary consumer 
cannot buy. If the product is sold whole, it can be packaged 
in a simple plastic bag, in a clean white box or some other 
clean looking attractive container. When competition ex¬ 
ists, the branded product has a decided advantage. When 
at all possible, a label should be delivered with the product 
to ensure that as many people as possible have a telephone 
number from where they can order the product. Cooks and 
chefs frequently change jobs. It is important the remaining 
staff at a restaurant can easily contact their supplier. 


19.8.3 Potential markets - extending 
market availability 

Many prawn growers become very good at marketing their 
prawns for a premium price to niche markets. Thus, there 
is potential for a co-operative marketing effort between 
growers in different locations, particularly those in different 
latitudes and thus differing harvest times (as is the case 
with freshwater prawn culture in some states in the USA). 
This provides the opportunity to sell prawns produced in 
more tropical regions to growers in more temperate regions. 
Producers who successfully market their product in a short 
period of time often have interested customers throughout 
the year, but they do not have a supply of prawns available. 
This type of co-operation would provide an opportunity 
for producers to purchase prawns from each other and to 
maintain supply over a longer period of time. 

Many restaurants and retailers desire to have a consistent 
supply of fresh prawns throughout the year. This has always 
been an issue with marketing a seasonal product. Some 
producers have considered holding live prawns (‘warehous¬ 
ing’) for selling to fresh/live markets throughout the year. 
No methods have been published about the best way to 
accomplish this, but this technique may have potential if 
sufficient holding densities can be obtained without caus¬ 
ing high mortality rates. Possible management strategies 
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may include using a nursery or broodstock facility to hold 
prawns at a low or maintenance water temperature. The 
length of time that this is feasible may not extend market¬ 
ing for an entire year, but may extend the marketing period 
over several months. 


19.8.4 Organic and natural product markets 

The organic and natural foods markets may prove to be the 
most lucrative markets for an aquaculture produced prawn 
marketed in the USA and Europe. Organic or naturally pro¬ 
duced, certified and labelled prawns have a high potential to 
expand current markets, possibly into a more commodity¬ 
sized market while increasing the market price. Currently 
some marine shrimp farms in various regions of the world 
are producing ‘organic shrimp’ and marketing them specif¬ 
ically into organic retail markets. Although the size of the 
organic and natural foods markets is not known, the de¬ 
mand is strong for these products and many large grocery 
and wholefoods chains are expanding the number of their 
stores and their organic product availability. Retail prices 
for organically produced marine shrimp are typically 50 to 
100% higher than the current retail price for non-organic 
shrimp; the same trend is likely to be true for organically 
produced prawns. 

So what is an ‘organically produced prawn’? Organic 
standards vary between different regions of the world. In the 
USA, the USDA does not currently (2008) certify seafood 
or aquaculture products with an USDA Organic Certifi¬ 
cation. However, the rules associated with organic certifi¬ 
cation are being developed by an aquaculture delegation 
and the USDA Organic Standards Board. There are compa¬ 
nies within the USA that can certify seafood and aquacul¬ 
ture products as organic according to the current organic 
standards for livestock. The basic criteria for an ‘organic 
prawn’ would be one that is produced with no artificial 
inputs, including synthetic fertilisers, pesticides and antibi¬ 
otics; grown in environmentally friendly farms; never fed 
any product that is not produced organically, and fed lim¬ 
ited amounts of fishmeal (actual percentages vary for each 
country). 

Each European country has different organic standards 
for seafood; the EU has not yet set common standards in 
this respect. Organic standards from some individual Eu¬ 
ropean countries vary from the US standards, because they 
are specifically restrictive on use of genetically modified 
grains in the feed. Currently, seafood grown worldwide and 
marketed in the USA and in European countries use or¬ 
ganic certification provided by one or more of the private 
certifying companies. There is a plethora of standards be¬ 
ing employed (Lem 2005). Some examples include Natur- 
land (Germany), Bio Suisse (Switzerland), EFSIS (UK), SGS 


(UK) and Quality Certification Services (USA). These com¬ 
panies can certify farms, feed, hatcheries and packing plants 
as ‘organic’. In addition, there are several different certifi¬ 
cations that are available for producing a product under 
sustainable practices; this effort has been led by the Aqua¬ 
culture Certification Council (ACC) that was developed by 
the Global Aquaculture Alliance. The latter certification re¬ 
quires the organism to be cultured using Best Aquaculture 
Practices (BAP). All of these labels may provide a market¬ 
ing advantage and allow certified prawns to enter into these 
large and higher value niche markets. 

A huge Indian marketing opportunity for organic aqua¬ 
culture products is foreseen by the Marine Products Ex¬ 
port Development Authority (MPEDA), which has entered 
into an agreement with the Swiss Export Promotion Pro¬ 
gramme (SIPPO) to develop organic freshwater (and ma¬ 
rine shrimp) farming in India (Anonymous 2008b). 

Currently, no freshwater prawns produced in the USA 
are certified according to any of these standards. The or¬ 
ganic markets worldwide, particularly in Europe and the 
USA, are projected to continue to grow rapidly; the cur¬ 
rent production methods used for prawn culture could be 
easily modified to produce organic prawns. Specifically, cul¬ 
turing prawns in low-density low-input production ponds 
(Chapter 10) would meet the current organic standards if 
the ‘fertilizer’ for the pond was derived from organically 
grown grains. Prawn producers should be aware of these 
labels and associated production methods and use them to 
their advantage in marketing their prawns. 


19.9 Developing marketing plans 

The marketing plan needs to be developed as a part of the 
overall business plan. Key elements include the identifica¬ 
tion of potential customers and their estimated consump¬ 
tion. Next, the production available to meet the demand 
needs to be estimated. Then the moment when various 
customers should begin to be contacted should be deter¬ 
mined. It will take some time for the buying relationships to 
be established but it is counter-productive to begin market¬ 
ing before product is available on a fairly consistent basis. 
Timing production so that product is available to meet de¬ 
mand peaks will help launch the product, especially if there 
is a shortage of other seafood. Marketing Macrobrachium 
is much more costly than marketing marine shrimp, where 
a commodity situation usually exists. The business plan 
must include adequate funds for this marketing effort and 
a clear definition of who will sell, who will buy and who 
will distribute the product. 

When only a small amount of production is available, it 
should first be sold to customers who are willing to pay a 
high price for a small amount of fresh product, for example 
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white tablecloth restaurants, not supermarkets. Identify the 
marketer to be used for this initial marketing effort. Fre¬ 
quently, the farm owner can visit the restaurant and be¬ 
come a customer, thus providing the opportunity to know 
the owner of the restaurant; often the restaurant owner 
is also the chef and a very productive relationship can be 
developed for the restaurant and for the farm. Clearly iden¬ 
tify the needs of the product and its limitations as well as 
its strengths. Virtually all successful chefs have close friends 
who are also chefs; they will use the products recommended 
by their peers. Branding becomes very important when such 
a close relationship is established. When the farm is invited 
to sell product to another chef, however, do not ignore the 
training phase. The new customer will not know what the 
old customer does. 

Potential client lists can originate from the supermarkets, 
seafood markets and restaurants listed in the ‘Yellow Pages’, 
published lists of fine restaurants, restaurant guides, etc. 
Each consumer requires a different approach. Sometimes 
it is easier to use established seafood distributors to sell 
to these outlets. The advantage of using these is that they 
already have the contacts for selling the product and may 
have credibility with the customers. The disadvantage is that 
they may find it easier to sell other products and not provide 
the needed level of information about M. rosenbergii that is 
necessary to ensure repeat sales. If established distributors 
are used, they must be very carefully selected to ensure 
the type of representation needed. To achieve this level 
of representation, the distributor will need to be highly 
motivated, i.e. it will cost money, either in terms of direct 
payment or higher commissions. It may be advisable to pay 
a special commission on the third sale to the same new 
customer; this encourages follow-up. 

If in-house sale representation is to be used, the sales 
people must be carefully selected and trained. Initial con¬ 
tacts with major clients, such as supermarket chains, etc., 
can often be handled by the owners of small farms. One of 
the most rapid ways may be to talk directly to the head of 
the seafood counter at the largest market in the chain. This 
person will provide the information about who needs to be 
contacted to purchase the product for the chain, or he may 
be able to purchase independently. In all cases they need 
to be fully informed as to the product requirements. They 
also need to be supported with point-of-purchase materials 
(such as the guidelines shown in Box 19.1 and the recipes 
given in section 19.11.2). Training in-house sales represen¬ 
tatives includes taking them on sales calls, helping them 
establish a prospect list and teaching them how to handle 
and cook the product so that they can answer questions 
regarding the product. 

Lee (1985), describing a successful promotion campaign 
for freshwater prawns in Hawaii, concluded that after the 
promotion: 


• product recognition was good (85%); 

• consumers and non-consumers both had a good image 
of the product; 

• less than a quarter of the people interviewed remembered 
seeing advertising; 

• a small percentage of the population were consuming 
most of the prawns; and 

• prices and the whole prawn were perceived as problems. 

A good marketing plan needs to be constantly updated as 
new situations are encountered. In every case, consistency of 
product quality and regularity of supply are the paramount 
factors in ensuring successful marketing. 


19.10 Marketing case studies 

Successful marketing programmes for any product involve 
recognising a significant benefit for the customer. In the 
case of M. rosenbergii, the product is excellent when used 
appropriately. It is easy to sell if the strength of the product 
can be properly demonstrated and its limitations clearly 
identified for the customer. A number of case studies are 
described in this section. 

19.10.1 Brazil 

Since Macrobrachium farming began in Brazil, producers 
have been selling their products in various ways, with dif¬ 
ferent sizes, prices, and even names, such as ‘Camarao da 
Malasia\ ‘Camarao Gigante’, ‘Camarao de agua doce\ ‘ Ca¬ 
marao do Hava?, ‘Camarao Piti? and ‘ Pitu ’. Prawns were 
often not killed in ice and were commonly frozen using 
domestic freezers, resulting in a poor-quality product. No 
recommendations were given to consumers, either about 
handling or cooking. Most consumers were confused and 
bought freshwater prawns thinking that they were marine 
shrimp. The lack of information, the unacceptable qual¬ 
ity of the product and the disappointment of consumers 
when tasting freshwater prawns of such poor quality, led 
to a steady decrease in interest, both on the part of con¬ 
sumers and of wholesalers for this new product. The use 
of the name ‘ Camarao Gigante’ (giant prawn) was very bad 
for the image of Macrobrachium, because consumers were 
led to expect a very large prawn, not the 40 to 80 g prawns 
commonly available from farms. 

A large farm was set up in Alagoas State in the 1980s, 
called Capiata. This farm decided to produce small prawns 
(~ 12-20 g) in order to attain three production grow-out cy¬ 
cles annually. Prawns were marketed as good quality, whole, 
frozen prawns. An advertisement programme was started. 
The name of the product was changed to 1 Camarao Capiata 



Marketing and Preparation for Consumption 


439 


and brochures were delivered containing information on 
handling and cooking freshwater prawns. This farm ob¬ 
tained good results and marketed more than 20t/month 
to supermarkets for a long time. Unfortunately, problems 
other than marketing eventually caused the closure of this 
farm. 

In 1990, in the State of Rio de Janeiro, 65 farms were 
producing about 1201 of freshwater prawns from 120 ha 
of ponds. These farms faced the same problems as de¬ 
scribed above and most of them ceased their activities. 
Rio de Janeiro is an important marine shrimp fishing and 
marketing area. Most consumers were confused between 
the big ‘jumbo’ penaeids that they saw at the fish mar¬ 
ket and the largest freshwater prawns. The biggest farm 
in the State, Fazenda Santa Helena, therefore decided to 
completely change their marketing strategy. They geared 
the management of their ponds towards the production of 
small animals of 10 g each. This strategy resulted in: 

• a production grow-out cycle of 4 months; 

• higher stocking densities; 

• a reduction in production costs; 

• easier handling; 

• better tail/head ratios; 

• more similarity with marine shrimp; and 

• a lower FCR, closer to 1:1. 

This change in the marketing policy of the farm proved 
very successful. In addition, four other factors have played 
an important positive role: 

(1) the reliability of production increased; 

(2) the farm is close to a highway, which facilitates adver¬ 
tising and farm-gate sales; 

(3) visitors can taste what they see in a small restaurant 
near the farm; and 

(4) the owner lives on-farm, which has resulted in better 
control of product quality. 

The current status of freshwater prawn farming in Brazil is 
reported in Chapter 17. 

19.10.2 Costa Rica 

When the prawn farm Langostinos Koko ('Koko ’) began to 
be marketed in Costa Rica, the reputation of the product 
was not good. An existing farm had been drain-harvesting 
freshwater prawns, freezing them and trying to sell them at 
a premium price. They failed to achieve sales at this price so, 
after a number of months, they began to sell a product that 
still looked nice but which had definite quality problems, to 
the local market at a significantly reduced price. The reason 
for the rapid deterioration of the product had to do with the 


frequent loss of electrical power and the repeated freezing 
and unfreezing of the prawns. 

Koko set out to change this image. Firstly, the farm shifted 
to a seine-harvesting programme to make fresh product 
available twice a week. Secondly, it marketed about 85% of 
its product fresh, 5% live and 10% frozen. The farm also 
purchased a freezer that freezes at approximately — 35° C, 
to improve the quality of the frozen product. Koko hired a 
talented chef to visit restaurants and hotels to demonstrate 
how to prepare the product in ways that would enhance 
the quality image and the profitability of the product to 
the restaurant or hotel. It also developed a large bank of 
recipes (examples given in section 19.11.2) for home and 
restaurant use and then took samples to the supermarkets 
and worked with them to sell the product. At first, only the 
markets with fish sales departments sold the product; these 
helped to determine sizes and pricing strategy. Koko even¬ 
tually decided to charge almost the same price as premium 
marine shrimp. The pricing strategy affects the customer’s 
perception regarding the quality of the product. Currently, 
the product is in demand throughout Costa Rica and the 
farm is planning an expansion in production to meet the 
increasing demand. 

One of Koko’s most loyal customers had been using 
wild-caught prawns (M. carcinus) caught in the rivers of 
Nicaragua. These river prawns are very large, usually over 
300 g, and relatively firm in texture. The flavour is strong 
but good, a fine product for any seafood restaurant. At first, 
this restaurant owner was very disappointed with the farm- 
raised M. rosenbergii, which seemed mushy and did not 
have a strong flavour. In appearance it was very similar to 
the river prawns he was accustomed to but it needed differ¬ 
ent handling. Koko supplied recipes (see section 19.11.2) 
and handling instructions (Box 19.1) and then demon¬ 
strated cooking techniques in his kitchen. The restaurant 
owner remained unconvinced until he ran out of the river 
prawns and ran short of lobsters. He found most of his 
lobster dishes could be made with M. rosenbergii and, with 
proper seasoning and handling, the product was noticeably 
more consistent than the river prawns. Now he is a regular 
customer of the Koko farm. 

19.10.3 French Guiana 

In 1987 a marketing study prepared by professionals in 
close co-operation with the Macrobrachium producers’ co¬ 
operative, IFREMER, and the Ministry of Agriculture, de¬ 
termined that a potential niche existed for this species on the 
French mainland. The production of Macrobrachium had 
exceeded the capacity of the local market in French Guiana 
(see section 19.2.1). The goal for the first year was to try to 
sell 21 of fresh product per month, to various supermar¬ 
kets around Paris, at double the price of the international 
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(frozen) market. A managing director was hired for the 
French mainland to control the preparation of support ac¬ 
tivities (leaflets, recipes, presentation packs to supermarket 
purchasing managers, etc.) and to supervise the follow-up 
of the whole commercial launch. The first test year was a 
success, and the producers exported up to 5.5 t/month. This 
tremendous effort of organisation and management ended 
in November 1990 with a total of 781 exported in 2 years 
(i.e. 43% of the Guianese production), at twice the average 
global price, with an excellent acceptance by both super¬ 
markets and consumers. However, the producers were not 
able to finance their further expansion. It also became obvi¬ 
ous that the lack of a reliable infrastructure in this country 
was a permanent and significant handicap: ice machines, 
power, and clean storage facilities were expensive to secure, 
particularly as most of the farms were in the rainforest, 
a three-hour truck drive from the airport. There are two 
basic questions (P. Sandifer, pers. comm. 1988) that every 
aquaculture investor has to answer, in this order: 

• can you sell what you want to grow? 

• can you grow what you can sell? 

19.11 Preparing freshwater prawns 
for consumption and traditional 
prawn recipes 

The book that includes this chapter mainly concerns the 
science and - where the science is deficient - the art of 
culturing, harvesting, processing and marketing freshwater 
prawns. The ultimate aim of all these activities is to create 
a product that is nutritious and delectable for human con¬ 
sumption. Unless this fact is recognised, there is no prawn 
farming industry, and no reason for further research. For 
these reasons, some information about the use of the final 
product is relevant. Section 19.11.1 provides some recom¬ 
mendations for handling and storage, mainly intended for 
restaurateurs, and section 19.11.2 contains examples of the 
ways in which freshwater prawns can be incorporated as 
the major ingredient of typically delicious recipes. Finally, 
some notes on the microwave cooking of freshwater prawns 
are given in section 19.11.3. Figure 19.3 and Plate 8 (facing 
p. 254) illustrate one cooking technique. 

19.11.1 General recommendations 

Freshwater prawns require care in handling and storage 
(Box 19.1). In many countries they are traditionally cooked 
whole but in others it is more common to cook prawns 
that are purchased as tails. Cooking the whole animal pre¬ 
serves the natural juices and delicate flavour of the prawn. 
Freshwater prawns have variously been reported to have a 



Fig. 19.3 Barbecue presentation of freshwater prawns. 
(Reproduced with permission of Denis Lacroix.) 


negligible content of iodine (J. Glude, pers. comm. 1992) 
or a lower content than marine shrimp (Chapter 18); this 
attribute may have advantages for those consumers who 
are allergic to food with high iodine content. Since there 
is very little salt in the meat of freshwater prawns, it will 
accept the flavours you add more readily. If you wish to 
duplicate the flavour of marine shrimp, more salt will be 
needed. The following techniques will enhance the flavour 
and presentation of freshwater prawns. 

It is best to prepare the prawns immediately upon re¬ 
moving them from the refrigerator or freezer. Do not allow 
them to stand at room temperature for extended periods of 
time. Whole freshwater prawns may be prepared from the 
frozen state. The natural juices are sealed in and the meat 
is firm, moist and flavourful. Separate frozen prawns by 
rapping the package lightly on a hard surface. Remove only 
the amount required and replace the remaining prawns in 
the freezer immediately. To thaw, place prawns under cold 
running water for 2 or 3 minutes. 

Freshwater prawns, unlike marine shrimp, do not have a 
highly visible vein that requires cleaning. However, if clean¬ 
ing is desired, simply snip with kitchen shears down the 
back of the shell and rinse under cold water. For attractive 
serving of whole prawns, you may wish to trim the anten¬ 
nae and front claws, but it is not necessary. To remove the 
shell before or after cooking, either snip the shell down the 
back or grasp the bottom edge where the shell connects 
with the legs and peel. The shell should come off easily in 
large pieces. 

To marinate, thaw frozen prawns or remove them from 
ice, marinate in oil and vinegar, Italian-style dressing, or 
wine. Be sure to keep the prawns refrigerated so that they 
will remain firm until time for preparation. 

There is an infinite variety of delicious ways to cook 
freshwater prawns. If boiling them, bring the stock or water 
to a brisk boil before adding the prawns. Some cooks add 
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a ‘shrimp boil’ or ‘Old Bay Seasoning’. From the frozen 
state, cook the prawns for 5 minutes. If thawed, cook for 4 
minutes. Freshwater prawns can be cooked in boiling water 
like lobsters, grilled, barbecued or baked whole. Another 
method of preparation is to slit along the back and through 
the top of the head, spread open gently and baste or stuff 
with a dressing of choice. Grill thawed prawns for 2.5 to 3 
minutes per side. Bake thawed prawns for 12 to 15 minutes 
at 180°C. You may saute or barbecue prawns. Saute for 5 
minutes or barbecue 6 inches (15 cm) from heat for 7 to 8 
minutes. 

It is also possible to microwave freshwater prawns (see 
section 19.11.3). Place the frozen prawns in a single layer in 
a covered container along with any desired seasoning. Cook 
on high for 3 minutes or until the shell turns pink. 

When using any of the above methods, your cooking 
time may vary depending on the size of the prawns and 
your cooking equipment. Usually, prawns are ready to serve 
when their shells turn pink. 

Some cooking and serving hints are provided below: 

• prawns have the best flavour and texture when they are 
cooked with the head and shell intact. 

• if the recipe does not call for whole prawns, save the heads 
(in your freezer) for soup stock and prepare the tails as 
recommended. 

• before serving prawn tails in their shells, snip the under¬ 
side of the shell with kitchen scissors, two-thirds of the 
length of the tail. This makes it easier for your guests to 
remove the meat from the prawn. 

• a popular method of cooking prawns is to simmer them 
in salted water. The recommended ratio of salt to water is 
approximately 4 teaspoons per kilogram of whole prawns. 

19.11.2 Traditional recipes 

A series of sample recipes that can be prepared by ordinary 
restaurants or in the home to produce delicious meals with 
freshwater prawns (sometimes referred to as langostinos) 
have been provided in this section. In each case, the origin 
of the recipe has been noted below its title. Some notes 
on producing meals with freshwater prawns by microwave 
cooking are provided in section 19.11.3. 

In general, measurements of weight have been converted 
to metric. The measurements of volume named ‘teaspoon’ 
and ‘tablespoon’ have been retained, since they are inter¬ 
nationally accepted. The measurement of volume called a 
‘cup’ is typically American but has been retained in these 
recipes (obviously, since food density is very variable, the 
weight of different ingredients defined as a ‘cup’ will not 
be the same). Cooking is an art, not a science, so these 
measurements are not precise. For guidance, a ‘cup’ maybe 
defined as approximately 250 ml. 


Barbecued Prawns 
(Puerto Rico) 

Yield: 4 servings; Preparation time: 20 minutes; Cooking time: 
10 minutes 

1 kg whole freshwater prawns 

125 g butter 

2 cloves garlic 

Place whole prawns on hot barbecue about 15 cm from the 
coals. Brush with garlic butter mixture. Cook for 7 to 8 
minutes, turning occasionally. 

Cantonese Fried Prawns 

(China) 

Yield: 4 to 8 servings; Preparation time: 1.5 hours; Cooking 
time: 5 minutes 

500 g whole prawns in the shell 

2 cups water 

Salt to taste (about 21/2 teaspoons) 

1 teaspoon freshly ground white or black pepper 
teaspoon sugar 

Peanut, vegetable or corn oil for deep frying 

(1) Do not shell the prawns, but use a pair of kitchen 
scissors and cut off the small legs on the underside. 
De-vein if desired by cutting open a small section of 
the back and pulling out the vein with a skewer or 
toothpick. 

(2) In a mixing bowl, combine the water with about 2 
teaspoons salt. Add the prawns and let stand about 
1 hour. Drain and pat with a clean cloth or paper 
towelling until very dry. 

(3) Combine '/i teaspoon salt, the pepper and sugar and 
set aside. 

(4) In a wok or deep-fryer, heat the oil and add the prawns. 
Fry, stirring, for no longer than 1 'fa minutes. 

(5) Drain the prawns in a sieve-lined bowl and pour off 
the oil from the pan. Do not wash the pan. 

(6) Return the prawns to the pan and sprinkle with the salt 
and pepper mixture. Toss over a high heat for about 
15 seconds. Spoon into a serving dish and serve plain. 

Ceviche 

(Common in Latin America; this recipe is 
from Langostinos Koko, Costa Rica) 

Yield: 8 to 12 servings as an appetiser with cracker biscuits; 
Preparation time: P/ 2 hours 
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1.5 kg of freshwater prawns peeled, de-headed and de- 
veined, chopped into 2.5 cm pieces 
4 tablespoons chopped coriander 

1 cup lime juice (ginger ale can be used) 

2 tomatoes, peeled, seeded and chopped 

2 to 4 chillies, seeded and chopped (Tabasco sauce can 
be used as a substitute) 

Thin slices of red onion or scallion for garnish (also a 
little chopped onion can be used) 

8 to 12 packets of cracker biscuits 

In a small stainless steel or glass bowl, combine the fresh¬ 
water prawns, chillies and coriander. Cover with lime juice, 
tossing the prawns to moisten pieces evenly. Cover and re¬ 
frigerate at least 3 hours. Fifteen minutes before serving, 
add the tomato and salt to taste. Garnish with onion or 
scallion slices. Ceviche can be served in glasses, on a bed 
of greens or in avocado halves. Some sea bass, dorado, or 
other whitefish can be added. The hot sauce can be deleted 
and replaced with chopped onions and avocado. This can 
be stored for 2 days in the refrigerator. Serve with a packet 
of crackers per person. 

Chinese Prawns 

(China) 

Yield: 2 to 3 servings; Preparation time: 2 1 / 2 hours; Cooking 
time: 6 minutes 

750 g whole freshwater prawns 

2 teaspoons peanut oil 

3 cloves garlic, finely chopped 

2 teaspoons vegetable oil 

Slit the tail lengthways, leaving the head intact. Combine 
garlic, salt and peanut oil, rub oil mixture into exposed tail 
meat. Refrigerate for 2 hours. Stir-fry with vegetable oil for 
5 to 6 minutes. 

Grilled Prawns 
(French Guiana) 

Yield: 6 servings; Preparation time: 10 minutes; Cooking time: 
15 minutes 

1.5 kg blue prawns 

3 cups of rice 

4 tablespoons of olive oil 
2 teaspoons of saffron 

1 teaspoon of turmeric 
Salt and pepper to taste 
Juice of one lime 

Prepare a marinade with olive oil, saffron, turmeric, lime 
juice, salt and pepper. Let the prawns marinate for 4 hours in 


the refrigerator; stir every 30 minutes. Prepare rice: slightly 
sticky. Grill for 3 minutes (1.5 min on each side) and serve 
on a bed of rice. 

Medley of Seafood Soup 
(Louisiana) 

Yield: 6servings; Preparation time: 30 minutes; Cooking time: 
25 minutes 

2 medium carrots, thinly sliced 

1 tablespoon olive oil 

1 medium green pepper, coarsely chopped 

2 garlic cloves minced 

1 medium onion, chopped 

1 can (400 g) whole tomatoes, crushed 

1 cup white wine 

1/2 tablespoon each of grated lemon rind, Tabasco sauce, 
dried basil, dried thyme and salt 

1 bay leaf 

250 g grouper fillets, cut into 2.5 cm pieces 

250 g sea scallops (or conch) 

500 g freshwater prawns, de-headed, peeled and de- 
veined (save the heads) 

12 whole clams or whole mussels, shell on 

2 tablespoons lemon juice 

(1) In a 1-litre microwave-safe casserole put the prawn 
heads and 2 cups of water. Cook on medium for 
5 minutes. Discard heads but save the stock. 

(2) In 3-litre microwave-safe casserole combine the car¬ 
rots, green pepper, onion, garlic and olive oil. Cook on 
high (100%) for 5 minutes or until vegetables are ten¬ 
der. Add prawn stock, tomatoes, wine, bay leaf, lemon 
rind. Tabasco sauce, basil, thyme and salt. Cover loosely 
with plastic wrap. Cook on high power for 5 minutes 
or until clams open and seafood is tender. Remove bay 
leaf. Stir in lemon juice. 

(3) Serve with crusty-spicy bread (made by stirring to¬ 
gether in a small bowl 1 cup softened butter, '/i cup 
grated Parmesan cheese and 2 teaspoons Tabasco sauce 
until well blended. Cut 1 loaf of French bread into 
l-inch slices. Spread with butter mixture. Grill until 
bubbly and lightly browned). 

Paella 

(Spain) 

Yield: 6servings; Preparation time: 30 minutes; Cooking time: 
1 hour 

1.5 kg whole freshwater prawns 

6 clams 
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1 cup chopped lobster meat 
1 kg pieces of chicken, fish or rabbit 
1 teaspoon salt (optional) 

1 cup water 

'/i teaspoon pepper 
3 tablespoons olive oil 
'/i teaspoon oregano 
l /i cup chopped onion 
11/2 cups long grain rice 
Y 4 teaspoon saffron 

2 cans (400 g each) chicken broth 
1 clove garlic minced 

300 g frozen peas 

3 sweet peppers, in strips 

Remove tail shell, leaving head intact and clean prawns. 
Wash clams. Season chicken pieces with salt, pepper and 
oregano. In a large skillet, heat olive oil and brown chicken 
pieces. In a bowl combine rice, chicken broth, water, onion, 
garlic and saffron. Pour mixture over the chicken pieces 
and stir, being sure all of the rice is in the liquid. Cover and 
bring to the boil. Lower heat and simmer for 20 minutes. 
Add prawns, clams, peas and peppers. Cover and cook for 
10 more minutes. Allow to stand for 20 to 25 minutes before 
serving. 


Prawn Creole 

(Puerto Rico) 

Yield: 4 Servings; Preparation time: 20 minutes; Cooking time: 
15 minutes 
V 2 cup celery 

1 can (400 g) tomato puree (cubed tomatoes can also be 
used) 

t/i cup green pepper 
1 kg whole freshwater prawns 
V 2 cup onion 

1 teaspoon salt 

2 tablespoons vegetable oil 
Vi teaspoon pepper 

Hot pepper sauce 

Finely chop celery, green pepper and onion and combine 
them with tomato puree in a 2 -quart casserole with gar¬ 
lic. Set microwave power select at high and heat for 4 to 
5 minutes or until vegetables are tender. Clean and shell 
prawns. Stir prawns, salt, pepper and hot sauce to taste into 
vegetables. Cover with glass lid. Set power select at high for 
3 minutes and then medium for 5 to 6 minutes. Stir once 
during cooking. Stir. Let stand, covered for 5 minutes before 
serving. 


Prawn Gumbo 

(Louisiana) 

Yield: 4 servings; Preparation time: 25 minutes; Cooking time: 

35 minutes 

Vi cup butter or bacon fat 

2 teaspoons salt 

1 medium onion 

1 teaspoon ground nutmeg 

2 tablespoons cornstarch 

Vi teaspoon pepper 

1 cup water 

1 kg whole freshwater prawns 

2 cans (500 g each) stewed tomatoes 

2 doves garlic 

2 packets (300 g each) frozen okra 

Crab boil (found in condiment section of US supermar¬ 
kets) 

(1) Slice onion, dice green pepper and crush garlic. Shell 
and de-vein prawns. Defrost the okra and slice into 
2.5 cm pieces. 

(2) Place onion in 3-litre casserole with butter. Microwave 
on high for 3 minutes or until onion is limp. Stir after 
2 minutes. 

(3) In small bowl, stir together cornstarch and water. Add 
to onion along with tomatoes, green pepper, garlic, 
salt, nutmeg, pepper, prawns and okra. Stir well. Cover 
and microwave at medium for 14 to 16 minutes until 
prawns are cooked and mixture is hot. 

(4) For spicy flavour, tie 1 to 2 teaspoons crab, boil in a 
cheesecloth bag and add along with prawns. For bright 
colour accent, save out about '/i cup of green pepper 
to stir into finished gumbo. 


Prawn Scampi 

(Hawaii) 

Yield: 4 servings; Preparation time: 20 minutes; Cooking time: 
25 minutes 
1 clove garlic 
V 2 teaspoon salt 
V 3 cup butter or margarine 
375 g medium freshwater prawns, cleaned 
Vi cup chopped parsley 
1 teaspoon lemon juice 

In a 1 litre casserole, combine the garlic and butter. Set 
microwave power select at high and heat for 2 minutes. 
Add parsley and salt. Stir in cleaned, raw prawns, coating 
each with butter sauce. Cover with plastic wrap. Set power 
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select at medium for 6 minutes and low for 2 minutes. Stir 
once. Let stand, covered for 3 minutes. Sprinkle lemon juice 
over prawns before serving. 

Prawns with Herb and Lemon Butter 
(California) 

Yield: 4 servings; Preparation time: 30 minutes; Cooking time: 
15 minutes 

'/4 cup butter or margarine 

l /i teaspoon salt 

t /2 teaspoon basil 

500 g freshwater prawn tails 

t /2 teaspoon crushed rosemary 

1 lemon 

Paprika 

Set microwave power select at high. In a 20 cm round baking 
dish, heat the butter, basil, rosemary and salt for 1.5 min¬ 
utes, or until butter melts. Stir in shelled, cleaned prawns 
and sprinkle with lemon juice. Spoon butter mixture over 
prawns. Cover with microwave-friendly plastic wrap. Set 
power select at medium for 7 to 8.5 minutes. Prawns should 
be tender. Sprinkle with paprika. Let stand, covered, for 
5 minutes before serving. 

Prawns with Pineapple 

(Hawaii) 

Yield: 6 to 8 servings; Preparation time: 20 minutes; Cooking 
time: 30 minutes 
Batter. 

1 cup flour 
1 tablespoon sugar 
t /2 teaspoon salt 
1 e gg 

2 /i cup water 
Sauce. 

3 tablespoons brown sugar 
1 tablespoon cornstarch 

1 teaspoon salt 

2 tablespoons vinegar 
'/3 cup water 

3 /i cup pineapple juice 
2 cups salad oil 

1 kg freshwater prawns, de-headed, shelled and de-veined 
1 can (500 g) pineapple chunks 

Prepare batter by mixing the dry ingredients together. Beat 
egg slightly and add water. Mix into dry ingredients. Dip 
prawns in batter and deep fry in hot oil until golden brown; 
set aside. Make sauce by combining all sauce ingredients. 


Bring to boil and simmer for 1 minute. Place pineapple 
chunks on platter with prawns. Cover with sauce. Serve. 


Salad of Prawns with Salmon Eggs 
(France) 

Yield: 6servings; Preparation time: 15 minutes; Cooking time: 
15 minutes 

1 kg whole prawns 
100 g of salmon eggs 

500 g various vegetables (e.g. carrots, French beans) 

1 tomato 
1 lettuce 
Basil pieces 

3 tablespoons of olive oil 
Wine vinegar 
Salt, pepper 

Cut vegetables in small pieces and cook them in boiling 
water (7 min for beans, 11 min for carrots). Cut the head off 
the prawns; peel the tails. Pour the olive oil and basil in a pan 
and cook the tails in this mixture for 1.5 minutes on each 
side. At the end, prepare a lukewarm sauce with vinegar, 
tomato cubes, basil, salt and pepper. Place the prawns and 
the vegetables on a dish and poor the sauce over the prawns 
and add the salmon eggs on the side. Serve. 

Spicy Boiled Prawns 
(Puerto Rico) 

Yield: 3 to 6 servings; Preparation time: 30 minutes; Cooking 
time: 15 minutes 

1 '/ 2 cups water 

2 ribs celery, chopped 
10 whole allspice berries 
Vi teaspoon ground mace 
5 cloves garlic 

1 bay leaf crushed 

2 sprigs fresh parsley 

2 teaspoons fresh thyme or teaspoon dried leaf 
1 kg whole prawns 

y 2 teaspoon each of salt and red pepper flakes 
Vi teaspoon each of cayenne pepper and freshly ground 
black pepper 

Put all ingredients except prawns in a 2.5-litre casserole. 
Cover. Microwave on high (100%) power until boiling for 6 
to 8 minutes. Stir in the prawns, pushing them to the outer 
edges of the dish. Cover. Microwave on high power until 
prawns are just pink (3-5 min), stirring every 30 seconds. 
Let stand 1 minute to cool slightly, then serve prawns in 
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a large bowl or individual bowls and let guests peel the 
prawns themselves. 

Steamed Hawaiian Prawns 

(Chef Tylun Pang of Westin Iliki Hotel, 
Hawaii) 

Yield: 4 servings; Preparation time: 30 minutes; Cooking time: 
10 minutes 

16 Hawaiian prawns (size 8-12/kg) 

1 green onion 
Half a leek 

Half a medium-sized finger of fresh ginger 

1 carrot 

3 cloves garlic 

2 stalks of celery 

1 tablespoon sesame oil 
Salt to taste 
Rice vinegar 
Soy sauce 
Sesame oil 

Korean-style hot sauce 
To prepare the main dish: 

Trim antennae, claws and legs from the prawns. Peel and 
de-vein the tails. Julienne the leek, carrot, celery and green 
onions. Finely chop the ginger and garlic. Line the prawns 
on the serving platter; sprinkle with salt, part of the ginger 
and garlic, and sesame oil. Place platter on a bamboo 
steamer; cover and steam on top of a pot of steaming water. 
Cook until the prawns are done, about 5 to 7 minutes. 
Serve with dipping sauce. 

To make the dipping sauce: 

(1) Combine 250 ml of soy sauce with 1 tablespoon of 
Korean-style hot sauce. 

(2) Combine the rest of the finely chopped garlic cloves 
with the remainder of the finely chopped ginger and 
250 ml rice vinegar. 

Steamed Prawns 

(Puerto Rico) 

Yield: 3 servings; Preparation time: 20 minutes; Cooking time: 
10 minutes 

1 kg whole freshwater prawns 

3 tablespoons soy sauce 

2 teaspoons sesame oil 

'/ 2 tablespoon ginger juice 
1 dash white pepper 


Slit the tail lengthways, leaving the head intact. Place the 
prawns slit side up in a pan suitable for steaming. Combine 
remaining ingredients and add to prawns. Steam for 6 to 
8 minutes. Serve. 

Szechuan Prawns 

(China) 

Yield: 4 to 8 servings; Preparation time: 10 minutes; Cooking 
time: 15 minutes 

1 kg whole prawns 

y 2 cup finely minced fresh ginger 

2 tablespoons chopped garlic 
1 cup fermented rice 

‘/ 4 cup shredded or cubed fresh red or green long hot 
peppers 

1 tablespoon plus one teaspoon dark soy sauce 
1 tablespoon light soy sauce 
y 2 teaspoon sugar, or to taste 
Salt to taste 

'/) teaspoon monosodium glutamate (optional) 

125 g ground pork 
1 litre peanut, vegetable, or corn oil 

1 cup water 

2 tablespoons chilli paste with garlic (Szechuan paste) 
Hot oil to taste (optional) 

1 bunch scallions, chopped (about 1 cup), green part 
included 

(1) Do not peel the prawns. Using scissors ora sharp knife, 
cut through one section of the back of the shell without 
cutting the vein. Pull out the vein of each prawn (op¬ 
tional) with a toothpick or skewer and discard. Wash 
the prawns well, cut off and discard the feet and drain. 
Pat the prawns dry. 

(2) In a small bowl, combine the ginger, garlic, and hot 
peppers and set aside. 

(3) In another bowl, combine the fermented rice, soy sauce, 
sugar, salt to taste, and monosodium glutamate. 

(4) Heat the oil in a wok or skillet and add the prawns. 
Cook, stirring, until they turn pink, about 1.5 minutes. 
Drain the prawns in a sieve-lined bowl to catch the 
drippings and pour off all but about 5 tablespoons of 
oil from the pan. Add the pork to the oil in the pan 
and cook, stirring, just until the strands of pork are 
separated and the pork looses its pink colour. Add the 
chilli paste with garlic and cook, stirring for about 1 
minute. Add the ginger and garlic mixture and cook, 
stirring, for about 45 seconds. 

(5) Add the fermented rice mixture and cook for about 
15 seconds. Add the water and cup of the scallions. 
Bring to a boil, stirring, and cook for about 3 minutes, 
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or until the sauce is slightly thickened. Add the prawns 
and remaining scallions. Cook for about 1 minute, stir 
in the hot oil, if used, and serve. 

Tangy Saucy Prawns 
(California) 

Yield: 4 servings; Preparation time: 20 minutes; Cooking time: 
15 minutes 

cup chilli sauce 
1/2 cup beer 
l /i cup pickle relish 
250 g medium-sized prawn tails 

(1) Set microwave power select at high. In a medium-sized 
glass bowl, combine the chilli sauce, pickle relish and 
beer. Cook for 3 to 4 minutes, stirring once. 

(2) Set power select at medium. Heat for 10 minutes or 
until sauce is thickened, stirring occasionally. Stir in 
cleaned and shelled prawns. Heat for 3 to 4 minutes at 
medium or until prawns are tender, stirring once. Let 
stand, covered, for 2 minutes. 

(3) Serve by arranging on small plates, or skewer with 
picks. 

19.11.3 Microwave recipes 

A handful of unshelled raw prawns can be cooked in less 
than a minute in the microwave oven, without boiling wa¬ 
ter, without any fat and without any extra dishes or pans to 
wash. Convenience alone is thus reason enough to try your 
hand at prawns in the microwave. However, a little tech¬ 
nique is helpful. The most important advice is the same as 
with conventional cooking; do not overcook the prawns. 
When the prawns curl and just turn pink they are done. 
More cooking will just make them tough. 

To avoid overcooking prawns in the microwave, arrange 
them on a plate with tails facing in, cover with a plastic 
wrap, and microwave on high (100%) power using the tim¬ 
ing guidelines that follow, until the prawns just turn pink, 
stirring and rotating several times. 

Using small amounts of prawns, about 125 g, will give 
the most consistent cooking results in the microwave. For 
250 g of medium-sized prawns, make concentric circles of 
the prawns on the plate and turn each prawn after 1 minute, 
then again in 30 seconds. 

Five hundred grams of prawns need to be tossed and 
rearranged in a covered casserole at least every minute to be 
sure they are cooked evenly. And still you may find one or 
two undercooked prawns hidden in the pile. Pull out these 
undercooked prawns, place them on a plate and give them 
an extra 20 seconds, or as needed. The size of the prawns 


doesn’t matter. Jumbos of 250 g take the same time as 250 g 
of mediums. However, if you butterfly the prawns, they take 
about a minute less per 500 g. 

To butterfly prawns, de-head, shell and de-vein. Then 
use a small knife to cut in about 6 mm along the back edge, 
stopping at the tail. Press body flat. When the prawn cooks, 
it will curl into a butterfly shape. [Note: save the heads for 
bisque (prawn soup)] 

Microwave timing for freshwater prawns 

Unshelled: 

125 g: 45 seconds to 1 minute 
250 g: 2 to 2.5 minutes 
500 g: 3 to 3.5 minutes 
Shelled: 

125 g: 1 to 2 minutes 
250 g: 2 to 3 minutes 
500 g: 3 to 3.5 minutes 
Butterflied: 

125 g: 30 to 35 seconds 
250 g: 1 to 1.5 minutes 
500 g: 2.5 to 3 minutes 
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Establishing or expanding a commercial freshwater prawn 
cultivation enterprise requires a significant amount of time 
and financial resources. Unfortunately, economic and fi¬ 
nancial feasibility techniques are sometimes applied only 
after significant commitments have been made to a se¬ 
lection site and production techniques. Financial feasi¬ 
bility analysis should not be viewed as an afterthought 
for justifying the financial viability of the proposed en¬ 
terprise or of aquaculture research intended to assist pri¬ 
vate sector efforts (Neiland 1994). Instead, financial anal¬ 
ysis should be an integral part of evaluating the overall 
viability of an aquaculture enterprise and related tech¬ 
nologies, alongside the consideration of various alternatives 
such as site selection, production techniques and marketing 
strategies. 

This chapter, therefore, focuses on the financial aspects 
of freshwater prawn culture in the private sector, with an 
emphasis on the costs and returns of commercial prawn 
farming. Those interested in a public sector perspective 
on aquaculture development should review Maine & Nash 
(1987) and other documents (Lee & Wickins 1992; NRC 
1992; Pillay 1994; Wickins & Lee 2002; Pillay & Kutty 2005). 
The focus on the private sector aspects of commercial prawn 
farming in this chapter does not imply that financiers and 
entrepreneurs of an aquaculture enterprise should be indif¬ 
ferent to the socio-economic environment of the country 
and community hosting their project. Obviously, docu¬ 
menting and projecting the socio-economic benefits (e.g. 
domestic employment and income) generated by an aqua¬ 
culture enterprise could be critical to securing public sector 
assistance such as government aid, guaranteed loans and 
site permits. In addition, those involved in an aquaculture 
enterprise may need to address the likely socio-economic 
and environmental costs (Bartley et al. 2007) of their en¬ 
terprise, from both a local and national standpoint. Local 
community acceptance of a new aquaculture project could 
be as critical as biophysical and infrastructure factors when 
selecting potential sites. 


20.1 Aquaculture business planning 
and management 

In a rapidly changing world, business planning has become 
critical to mitigating the risks associated with developing 
and managing a business enterprise. For example, Perry 
(2001) found from a random telephone survey of US small 
business firms that non-failed firms were more likely to 
use formal (written) planning than failed firms (i.e. those 
declaring bankruptcy with losses to creditors). This risk 
minimisation orientation stems from the unstable envi¬ 
ronment in which the enterprise resides. Furthermore, the 
enterprise operates within a market-oriented environment, 
competing with other similar enterprises for consumers and 
various resources (e.g. feed, labour, etc.). Consequently, 
business planning must address the interdependency be¬ 
tween the business environment and the enterprise, so that 
the organisation can try to influence or adapt to change. 

If funding for a new or existing aquaculture enterprise is 
being sought, a written business plan is usually considered 
critical for obtaining funds. In any case, there are several 
reasons for producing a written business plan. Firstly, the 
process of preparing a business plan forces all parties in¬ 
volved to make a comprehensive evaluation of the business 
project and of how identified objectives will be accom¬ 
plished. Secondly, a written business plan can be an outline 
to help start and manage an aquaculture enterprise. Finally, 
a written business plan provides details, which may be re¬ 
quired by lenders and investors if there is a need to obtain 
external financing, either for new or existing enterprises. 

There are numerous variations of business plans, and the 
emphasis within the plan should vary depending upon 
the kind of financing anticipated, the technical nature of 
the business (e.g. low-tech versus high-tech) and the cur¬ 
rent status of the business (e.g. start-up, expansion) (ABA 
1995). In general, an aquaculture business plan should 
address aquaculture technology, marketing, management 
and, last but not least, financial considerations. Approaches 
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to preparing business plans specifically tailored for aqua¬ 
culture enterprises can be found in Rhodes (1984), ABA 
(1995), Hishamunda & Manning (2002) and other publi¬ 
cations. It should be noted that the executive summary of 
a written business plan can be critical. For those evaluating 
the plan, it can ‘test’ how concise the aquaculture devel¬ 
opers are in successfully communicating their goals and 
financial needs. For the aquaculturist preparing the plan, 
its summary allows reviewers, who are often occupied with 
reviewing many other proposals (ABA 1995), to quickly 
understand their financial needs and business goals. 

20.1.1 Business management and staffing 

The success of freshwater prawn aquaculture grow-out en¬ 
terprises, such as a marine shrimp farming venture, is often 
dependent upon five critical factors: 

(1) site selection 

(2) business management 

(3) availability/source of seed stock 

(4) facility design and construction (IFC 1987), and 

(5) marketing strategy. 

Except for the management of aquaculture enterprises, 
these factors have been addressed in other chapters of this 
book. Unfortunately, the overall management of private 
aquaculture enterprises has not received much research at¬ 
tention. For example, in the USA, most small businesses 
do not survive the first two years, mainly because of the 
founding entrepreneur’s inability to manage a new enter¬ 
prise (Kuriloff & Hemphill 1981). Moreover, Leeds (1986) 
contended that aquaculture enterprises will succeed or fail 
because of the ‘quality of the management and technical 
personnel’ rather than technical and market-related rea¬ 
sons. An individual or a group organising a new enterprise 
must identify and recruit appropriate technical and man¬ 
agerial personnel. 

In the case of small aquaculture enterprises, the owner- 
operator needs to recognise his/her limitations. For large 
aquaculture projects, recruiting technically qualified man¬ 
agers and technicians with sufficient experience to operate 
commercial-scale farms in developing countries may some¬ 
times be difficult, and it may be advisable to seek expatriate 
assistance (IFC 1987). Extensive training programmes may 
also be needed to develop management and technical exper¬ 
tise. Consequently, start-up investment costs for freshwater 
prawn farms may need to include projected expenditures 
for training activities such as workshops. Pre-production 
training costs for implementing large enterprises involving 
complex technology in developing countries have repre¬ 
sented 10 to 15% of project initial investment costs in some 
cases (Behrens & Hawranek 1991). 


A manager or management team, with experience 
in marketing and small business management, would 
have the capability to handle a wide variety of start-up 
and operating problems. If the enterprise is managed 
by a team (e.g. the founding entrepreneurs, etc.), the 
management structure usually needs to include a division 
of responsibilities for various critical functions, especially 
in the management of daily production operations and 
marketing. Small and large aquaculture projects, like other 
commercial enterprises, may need to have marketing 
tasks and operations management delegated to different 
individuals (Rhodes 1991). Ironically, the behaviour 
patterns of founding entrepreneurs may not be conducive 
to the everyday management of commercial enterprises 
(Kuriloff & Hemphill 1981). 

20.1.2 Marketing considerations 

The marketing function in aquaculture ventures is proba¬ 
bly the most neglected but one of the most critical to the 
success of the firm. Approaches to marketing aquaculture 
products can be found in several publications (Chaston 
1983; Shaw 1986; Meade 1989; Engle & Quagrainie 2006). 
The development or expansion of aquaculture market seg¬ 
ments is partially predicated on understanding consumer 
preferences, market channels and other market variables 
(i.e. effective marketing research). Business researchers have 
noted that entrepreneurs tend to de-emphasise obtaining 
in-depth marketing information for their business plans 
prior to start-up, even though US venture capitalists be¬ 
lieve that in-depth marketing analyses are valuable and that 
new venture failure rates could be reduced via improved 
advance analysis (Hill 1985). The sales forecasts used in 
pro forma statements are only as good as demand forecasts 
developed from market analysis. In the case of export mar¬ 
keting, careful research must be done beforehand (Stoner & 
Arora 1983). Unfortunately, new aquaculture enterprises, 
including those cultivating freshwater prawns during the 
1970s, have apparently suffered from the lack of adequate 
marketing research and analysis (Chaston 1983). Perhaps 
aquaculture entrepreneurs become so involved in cultur¬ 
ing and post-harvesting techniques that they de-emphasise 
market analysis and strategies. As Shang (1990) noted on the 
role of marketing in commercial aquaculture: ‘A species has 
the potential for commercial development only if there is a 
ready market for it at prices that provide reasonable profit 
and if the marketing infrastructure and channels are ade¬ 
quate for and efficient in handling increased production.’ 

Commercial aquaculture is market driven, so the first 
priority for a feasibility analysis is to analyse current and 
potential markets for a proposed species (Shang 1990). Even 
for public sector funding of commercial bio-technical aqua¬ 
culture research and development (R8cD) projects, effective 
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market analysis should be done before committing to sig¬ 
nificant funding of aquaculture R&D and related extension 
programmes (Hatch & Kinnucan 1993). 

20.1.3 Financial feasibility analysis 

A financial feasibility analysis usually starts with an exam¬ 
ination of net income (profit and loss) statements, balance 
sheets and cash flow budgets, whether it involves the reha¬ 
bilitation or expansion of an existing enterprise or a new 
venture. The techniques used in preparing these various 
statements (budget) are a subject beyond the scope of this 
chapter. There are numerous books available on this sub¬ 
ject, and various microcomputer softwares are very handy 
when preparing statements and associated projections. 

Before reviewing techniques for analysing and evaluat¬ 
ing the financial feasibility of an aquaculture project, it is 
important to note that financial statements represent only 
a single dimension in evaluating the financial viability of an 
aquaculture venture. The application of the various quanti¬ 
tative techniques used to analyse the financial feasibility of 
a proposed commercial enterprise sometimes obscures the 
real multiple objectives or criteria that a financial feasibility 
analysis maybe subject to. A financial feasibility analysis also 
needs to recognise the interests of involved parties beyond 
the expected net benefits of an isolated investment. For ex¬ 
ample, a joint-venture partner may expect additional cash 
flows as an investor, perhaps due to royalty payments on 
certain technology or complementary marketing arrange¬ 
ments (Behrens & Hawranek 1991). In essence, the interests 
of investors and lenders may constitute a wide array of ob¬ 
jectives, which need to be identified and addressed in the 
financial feasibility analysis, preferably in monetary terms. 

Although projected income statements and balance 
sheets are useful tools, discounted cash flow (DCF) analy¬ 
sis is the generally accepted approach to financial feasibility 
analysis (Behrens & Hawranek 1991). DCF analysis is based 
upon the assumption that money has a time value. There¬ 
fore, a sum of money received or paid now is worth more 
than the same sum available in the future. The future value 
of the sum is determined by an interest or ‘discount’ rate. 
Financial analysis textbooks and other publications should 
be consulted for more details. 

Rhodes (1991) summarised the application of DCF anal¬ 
ysis in the context of evaluating aquaculture projects. The 
two main DCF analytical methods are the net present value 
(NPV) and the internal rate of return (IRR) methods. The 
modified IRR (MIRR) has replaced the IRR method when 
analysing aquaculture projects (Rhodes et al. 1995). The 
MIRR is a more realistic measure of profitability because it 
assumes that net cash flows from all investment projects are 
reinvested at the cost of capital, while the IRR assumes 
that cash flows are reinvested at the project’s own IRR 


(Brigham & Gapenski 1988). A ‘hybrid’ DCF analysis tech¬ 
nique, the discounted payback period (DPP), is also rec¬ 
ommended (Rhodes 1991). The traditional payback (PB) 
method, which is used to determine the amount of time, 
usually years, in which an aquaculture enterprise should 
recover its initial investment, has two disadvantages: 

• It ignores cash flows after the PB period. 

• It does not consider the time value of net inflows. 

The DPP method adjusts for the time value of cash flows, 
while applying the conservative liquidity measure of the PB 
method (Brigham & Gapenski 1988). 

20.2 Financing commercial 
aquaculture projects 

This section of the chapter has been adapted from ABA 
(1995). Potential lenders, investors and other financiers of 
aquaculture enterprises need a clear understanding of how 
much capital is needed and how it will be used. A logical 
business plan with realistic financial projections can facili¬ 
tate that understanding. Along with evaluating the financial 
feasibility of a proposed enterprise, projected income (profit 
and loss), balance sheets and cash flow statements will be 
needed to forecast the initial (‘start-up’) and working capital 
needs of the enterprise. For existing aquaculture enterprises, 
these financial projections may be partially predicated on 
historical financial information and experience within the 
enterprise. If a new enterprise is being proposed, financial 
projections might be based upon financial information on 
similar aquaculture enterprises in a given geographic area 
and an economic analysis of experimental aquaculture re¬ 
search (Shang 1990). Sources of financial information may 
include universities, government agencies, trade associa¬ 
tions and business consulting companies with experience 
in the aquaculture industry, although Behrens & Hawranek 
(1991) caution against only using feasibility study data pro¬ 
vided by ‘suppliers of equipment or technology.’ 

Cash flow projections are critical in determining the 
short-term financing (operating capital) needs of an 
enterprise. Seasonal fluctuations in sales, such as only 
being able to harvest an aquaculture species for 6 months or 
less during a 12-month cycle, may cause cash shortages. In 
addition, a new aquaculture enterprise often takes at least 
12 months before reaching the break-even point on a 
monthly basis. For aquaculture enterprises growing species 
that take less than 12 months to reach market size, such 
as freshwater prawns, there may still be lags in cash flows 
of 3 to 6 months before any positive cash flow is generated. 
In contrast, long-term financing is usually employed to fi¬ 
nance fixed assets (e.g. construction of a processing facility) 
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and permanent working capital. In any case, projected sales 
and expenses need to be realistic, and it is often wise to over¬ 
estimate expenses. One simple forecasting technique is to 
increase initial base case (normal) estimates for the first 12 
months of projected expenses by 20 to 30%. Suggestions on 
financial forecasting for new aquaculture enterprises, plus 
common forecasting errors can be found in Rhodes (1991). 

20.2.1 Types of financing 

There are two general sources for starting or expanding 
a business enterprise - external and internal (owner) fi¬ 
nancing. Internal (owner) financing means starting or ex¬ 
panding an enterprise using the principal owners’ personal 
funds or assets. In many situations it may be the only way 
to ‘kick-start’ a new enterprise. Typical sources of internal 
financing include using a portion of personal savings, us¬ 
ing salary income from other members of a household or 
selling securities (e.g. stocks, bonds, etc.). Risking a signif¬ 
icant amount of their own funds may be beneficial for the 
enterprise’s founding owners in the following ways: 

(1) lower debt load risks for the enterprise; 

(2) reduced risk of diluting management control due to 
premature external financing by venture capitalists or 
other parties; and 

(3) general willingness of external financing sources to of¬ 
fer more desirable financing terms, because the princi¬ 
pal owners have confidently invested their own capital. 

For example, business research has shown that the likeli¬ 
hood of small business enterprises having financial difficul¬ 
ties in the first year increases as the percentage of the owner’s 
personal funds decreases (Carter & Van Auken 1990). Con¬ 
sequently, some investors and lenders are not interested in 
risking funds they control on a new or existing enterprise 
unless the principal owners have a substantial vested interest 
in the enterprise. 

As the name implies, external financing is capital secured 
outside of the company and its principal owners. External 
financing is available in two general forms, debt capital and 
equity capital. Debt capital is derived from an agreement 
obligating the borrower to repay its lender with interest, 
meaning the debtor will eventually repay the lender more 
money than initially borrowed. Debt capital (loans) are 
usually classified as short-term if they can be repaid within 
12 months and long-term if repayment will take more than 
a year. Loans can be either unsecured or secured. Security 
is the collateral offered and accepted by a lender to assure 
repayment of a loan. The lender often has the option to seize 
the collateral and sell it to repay the loan if the borrower 
(debtor) defaults on the loan. In general, long-term loans 
are more likely to be secured than short-term loans. For 


example, equipment loans are often secured by a lien in 
favour of the lender against the equipment. External equity 
capital usually involves selling off a portion of the enterprise 
to outside investors. In essence, an equity investor becomes 
a business partner and usually has some control over how 
the enterprise operates. 

The greatest advantage of debt financing, compared to 
outside equity financing, is that it usually allows the enter¬ 
prise founders to maintain control over their business. In 
contrast, debt financing increases the risks that an enterprise 
may not be able to service its debt (i.e. interest and prin¬ 
cipal payments), especially during the early years of a new 
enterprise when expenses may be higher than projected. 
The most significant advantage of outside equity financing 
is that it does not normally create an initial obligation of 
repayment and therefore an infusion of equity capital will 
not be an immediate drain on the cash flow of the business. 
Again, the enterprise’s founders ordinarily must share con¬ 
trol of the business with outside equity investors; this is one 
of the greatest disadvantages of equity financing. 

20.2.2 Sources of capital: an overview 

There is a variety of debt financing sources from which 
to choose, especially if financing is being sought for a vi¬ 
able on-going business enterprise. Common sources in¬ 
clude commercial banks, trade credit from suppliers, and 
various government loan programmes, which will be briefly 
discussed here. Although debt financing through various 
types of commercial banks is still common for small busi¬ 
nesses, the perceived risk of aquaculture enterprises has 
caused many banks in the USA and some other countries 
to avoid lending to aquaculture enterprises, or to employ 
relatively stringent lending requirements. Trade credit is 
usually a very short-term ‘loan’, which is advanced in the 
form of deferred payments by a firm’s key suppliers of goods 
and services. Trade credit comes in many forms and, unlike 
commercial bank loans, may be based on informal agree¬ 
ments with critical suppliers. For example, a feed supplier 
might allow a prawn farmer to defer payment on a feed 
purchase for 30 days or more after actually taking delivery. 
This type of credit needs to be evaluated carefully, especially 
if the supplier is charging substantially more for the equiv¬ 
alent product or service that can be purchased elsewhere 
more cheaply with immediate cash payment. Short-term 
operating loans from commercial lenders may be less ex¬ 
pensive than trade credit. Features (e.g. eligibility, lending 
terms, etc.) of government loan programmes for aquacul¬ 
ture enterprises vary by country, and the details of these 
programmes are beyond the scope of this chapter. It is im¬ 
portant to note that some programmes may have a large 
backlog of eligible applicants, so it may be wise to seek out 
private funding sources, as well, if time is of the essence. 
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Sources of equity-oriented capital include friends and 
family (F&F), private (informal) investors and venture cap¬ 
ital (VC) companies. The social norms and traditions as¬ 
sociated with seeking and obtaining capital from F&F in 
different countries are definitely beyond the scope of this 
author. In the USA, a potential F&F financing source is 
probably best approached through a personal contact that 
treats the person as a potential business investor. The private 
investors may include F&F, but are usually business profes¬ 
sionals who are interested in funding a new or existing 
business enterprise. These private investors, also known as 
‘angels’, may be identified through ‘networking’ with attor¬ 
neys (lawyers), accountants and suppliers. It has been esti¬ 
mated that angels annually invest more than US$ 32 billion 
of equity in US small businesses. 

VC companies usually invest equity oriented capital in 
new and expanding companies. VC companies differ from 
lenders because they are generally oriented towards rapid 
growth in the company they fund, while lenders are mainly 
concerned with stability. The chances of securing equity 
capital from VC companies are questionable. Rhodes (1996) 
reported on a survey of VC companies in the USA and 
Canada, which indicated that VC companies are probably 
not a viable source of start-up capital for new aquaculture 
enterprises; furthermore VC companies in the USA and 
Canada are generally not interested in aquaculture projects 
in other countries. 


20.3 Commercial prawn farming: costs 
and profitability 

In the past, as New (1995) pointed out, there were only a 
few published case studies of existing commercial opera¬ 
tions, while much remains proprietary information. Since 
the topic was reviewed by Rhodes (2000) the availability of 
unpublished and published data (Ahmed etal. 2008a, Sem- 
pier & Hanson 2008) has increased somewhat regarding the 
economic costs and returns of operating commercial fresh¬ 
water prawn enterprises, especially grow-out farms. How¬ 
ever, the content in the following sections still includes data 
and analysis derived from small-scale experiments, demon¬ 
stration projects, hypothetical prawn culturing enterprises 
and other sources in the public domain. The following re¬ 
view is still complicated by differences in the specific pro¬ 
duction situation (e.g. temperate zone growing season ver¬ 
sus tropical climates), price sources, exchange rate systems, 
inflation rates as well as critical production assumptions 
such as harvest sizes and yields. However, the following re¬ 
view should still serve to provide a beneficial synopsis of 
such published and unpublished information as exists. All 
monetary data cited in the following text have been con¬ 
verted into nominal US dollars (US$) based on the year 


reported in the cited literature, whereas cost comparisons 
based on data in Tables 20.1 to 20.5 for the different pro¬ 
duction stages have been adjusted to Year 2000 US$, using a 
real exchange rate index that includes the effects of inflation 
rates within a given country (USDA 2008). 

20.3.1 Hatchery production 

20.3.1.1 Investment costs 

One of the first published comprehensive case studies of 
existing commercial hatcheries was prepared by Kloke & 
Potavos (1975) on two small-scale hatcheries near Bangkok, 
Thailand. Based upon 1973/74 data, initial investment 
costs, excluding land and operating capital, were US$ 6550 
and 23 790 for hatcheries with an estimated annual capacity 
of490 000 and 600 000 prawn postlarvae (PL), respectively. 
Driven by the expansion of prawn grow-out farming in the 
1970s, the demand for PL expanded rapidly in Thailand. 
For example, between 1978 and 1980, the estimated 
number of prawn hatcheries increased from 12 to 59 and 
output increased nearly 10-fold from 2.6 million PL in 1978 
to an estimated 25.8 million in 1980 (Anonymous 1980). 
In addition to market demand, government hatcheries 
in Thailand also stimulated the expansion of commercial 
hatcheries (Chapter 5). 

By 1980, initial investment in a hatchery ranged from 
only US$ 920 for a small unit (450 000 PL/yr) to US$ 12 680 
for a ‘medium’ unit (2.6 million PL/yr) and to an average 
of US$ 60 080 for a ‘large’ hatchery (5 million PL/yr). With 
expansion of the hatchery sector in Thailand, annual out¬ 
put to initial investment efficiencies improved. In 1973, the 
initial investment ratio to hatchery capacity ranged from 
about US$13 to nearly US$ 40/1000 PL/yr. By 1980, the 
initial investment to annual PL ratio had declined to the 
US$2toUS$12/1000PL/yr range. Singholka (1982) noted 
that the largest commercial prawn hatchery in Thailand 
during 1979 had a potential annual output of 30 million PL 
and cost US$ 500 000 to construct. With improvements in 
flow-through hatchery systems (Chapter 5), the cost of a 
Thai hatchery capable of producing up to 50 million PL/yr 
had declined to US$ 10 000 in 1997. Due to demand from 
prawn grow-out farmer, the hatchery sector also expanded 
substantially in the Mekong Delta, Vietnam, from only 1 
in 1999 to 91 by 2003, according to Hai et al. (2003). 
In addition, a survey of 17 small-scale prawn hatcheries 
in the Mekong Delta indicated that their average output 
per hatchery was about 1.13 million PL/yr. Using rearing 
tank volumes ranging from 10 to 40 m 3 /hatchery, the aver¬ 
age investment was approximately US$ 2500/hatchery (Hai 
etal. 2003). 

Freshwater prawn hatcheries have always tended to be 
mostly ‘backyard’ in scale in Thailand. Suwannatos (1996) 
reported that the aggregated annual production of 50 
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Table 20.1 Examples of investment costs for freshwater prawn hatcheries, adjusted to Year 
2000 US$, excluding the purchase of land unless otherwise specified. 


Country 

Output 2 (000) 

Facility 

investment 

(US$) 

Investment 
per 1000 PL 
(US$) 

Source 

India 

200 

5964 

29.82 

Sebastian (1990) b 

Thailand 

450 

1574 

3.50 

Anonymous (1980) 

Vietnam 

1130 

2500 

2.21 

Hai et al. (2003) 

Thailand 

2600 

21699 

8.35 

Anonymous (1980) 

Brazil 

4000 

148 343 

37.09 

Brazil 1997 unpubl. data 

India 

5000 

137 923 

27.58 

Sebastian et al. (1993) c 

Thailand 

5000 

102 814 

20.56 

Anonymous (1980) 

Costa Rica 

6000 

104211 

17.37 

Costa Rica 1997 unpubl. data 

USA d 

6300 

110 039 

17.47 

Fuller et al. (1992) c 

Malaysia 

10 000 

226 078 

22.61 

Tiensongrusmee (1982) 

India 

20 000 

127 969 

6.40 

India 2004 unpubl. data 6 

Thailand 

50 000 

125 097 

2.50 

Thailand 1997 unpubl. data 

Averages 





Asian hatcheries (> 1 million PL/yr) 


12.89 


USA and Latin America hatcheries 


23.97 


All hatcheries 



16.29 



a Reported annual capacity of prawn PL output in thousands. 
b Excluding cost of a building. 

6 Including the purchase of land. 
d Mississippi. 

e C.M. Nair & K. Salin, pers. comm. 2008. 


Table 20.2 Examples of freshwater prawn hatchery annual operating costs per 1000 PL, adjusted to Year 2000 
(US$), with reported major cost categories as percentages of total annual operating costs. 


Country 

Output 3 

(000) 

Cost per 
1000 PL 
(US$) 


% of operating costs 


Source 

Labour 

Feed 

Energy 

Other 

India 

200 

8.35 

32 

19 

5 

44 

Sebastian (1990) 

Thailand 

450 

19.68 

15 

39 

10 

36 

Anonymous (1980) 

Vietnam 

1130 

1.29 

13 

42 

nr 

45 

Hai etal. (2003) 

Tahiti 

1500 

14.50 

48 

13 

9 

30 

Aquacop (1979) 

Thailand 

2600 

15.40 

12 

21 

5 

62 

Anonymous (1980) 

Brazil 

4000 

14.83 

30 

50 

20 

nr 

Brazil 1997 unpubl. data 

Thailand 

5000 

17.11 

9 

19 

5 

67 

Anonymous (1980) 

Costa Rica 

6000 

15.63 

35 

26 

12 

27 

Costa Rica 1997 unpubl. data 

USA b 

6300 

10.41 

51 

20 

9 

20 

Fuller et al. (1992) 

Malaysia 

10 000 

15.64 

41 

24 

3 

32 

Tiensongrusmee (1983) 

India 

20 000 

4.05 

27 

43 

8 

22 

India 2004 unpubl. data 6 

Thailand 

50 000 

1.35 

6 

65 

2 

27 

Thailand 1997 unpubl. data 

Averages 








Asian hatcheries d 

12.91 

20 

27 

5 

48 


American hatcheries 6 

13.62 

39 

32 

14 

16 


All hatcheries 


11.52 

27 

32 

7 

34 



a Reported annual capacity of prawn PL output in thousands. 
b Mississippi. 

c C. M. Nair & K. Salin, pers. comm. 2008. 
d Reported annual capacity of 10 million PL or less. 
e Latin American and US hatcheries. 

nr = not reported; operating cost percentages with nr were treated as zeros when calculating averages. 
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Table 20.3 Examples of freshwater prawn nursery annual operating cost per thousand juveniles, adjusted to Year 
2000 US$, with reported major cost categories as percentages of total annual operating costs. 


Country 

Output 3 

(000) 

Cost per 

1000 (US$) 


% of operating costs 


Source 

Labour 

Feed 

Energy 

Other 

Thailand 

1000 

62.55 

7 

80 

13 

0 

Thailand 1997 unpubl. data 

Brazil 

2000 

8.90 

25 

40 

25 

10 

Brazil 1997 unpubl. data 

Costa Rica 

4000 

10.42 

14 

63 

13 

13 

Costa Rica 1997 unpubl. data 

Malaysia 

nr 

79.69 

4 

3 

0 

81 

Tiensongrusmee (1983) b 


3 Reported annual capacity of prawn juvenile output in thousands. 

b ‘Other’ includes the cost of postlarvae (PL) while other listed nursery operations may not have included PL costs in their 

estimates. 

nr = not reported. 


backyard hatcheries in 1995,600 to 800 million PL, was suf¬ 
ficient to stock 6400 ha of grow-out ponds. Sebastian (1990) 
projected the costs and returns of a backyard hatchery in 
India during 1989 with an output of about 2.1 million PL/yr 
and estimated the initial investment in equipment (i.e. ex¬ 
cluding land and buildings) at US$4000. Based upon a 


study of 4 Indian freshwater prawn hatcheries, the aver¬ 
age initial investment needed for a small-scale commercial 
hatchery with an annual capacity of 500 000 to 600 000 PL 
in 1989/1990 was estimated to be about US$ 12 340, with 
approximately 68% spent on fixed assets such as hatch¬ 
ery equipment (52%), construction of buildings (9%) and 


Table 20.4 Examples of investment costs, adjusted to Year 2000 US$, for freshwater prawn grow-out farms, 
excluding the purchase of land unless otherwise specified. 


Country 

Area 

(ha) 3 

Yield 

(kg/ha/yr) 

Facility investment 
(US$) 

Investment 
per ha b (US$) 

Source 

Brazil 

10 

3000 

148 343 

15 720 

Brazil 1997 unpubl. data 

Costa Rica 

50 

600 

312 634 

6253 

Costa Rica 1997 unpubl. data 

India 

4 

3800 

1724 

431 

India 1997 unpubl. data c 

India 

1 

1260 

6191 

6191 

NABARD (2008) d 

Pakistan 

2 

1500 

4634 

2317 

New (1996) 

Thailand 

0.8 

1100 

7427 

9284 

Anonymous (1980) e 

Thailand 

4 

1125 

34 226 

8556 

Anonymous (1980) e 

Thailand 

8 

1140 

112192 

14 024 

Shang (1982) 

USA f 

0.4 

2270 

30 646 

76616 

Shang(1982) 

USA f 

4 

2270 

164 081 

41020 

Shang (1982) 

USA f 

8 

2270 

289 974 

36 247 

Shang (1982) 

USA 

1.2 

671 

22 152 

18 460 

Sempier & Hanson (2008) e,g 

USA h 

4 

1000 

117 632 

29 408 

Montanez etal. (1992) e 

USA 1 

4 

1000 

123 788 

30 947 

Bauer etal. (1983) 

Averages 






USA grow-out facilities with Hawaiian farms 

38 783 


USA grow-out facilities without Hawaiian farms 

26 272 


Other countries 



7847 


All countries 




21 105 



a Water surface area of grow-out facility. 

b Investment cost (2000 US$) per ha of water grow-out surface area. 
c N. Sukumaran, N.J. Christopher 8c R. Neeraja, pers. comm. 1998. 
d Yield for one crop cultured during a 6 to 8 month period. 
e Cost includes the purchase of land. 
f Hawaii. 

6 Investment costs estimated based upon Dasgupta (2005). 
b Mississippi. 

1 South Carolina. 
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Table 20.5 Examples of freshwater prawn grow-out annual operating costs per kg, adjusted to Year 2000 US$, with 
reported major cost categories as percentages of total annual operating costs listed in ascending proportion of 
labour costs. 


% of operating costs 
Area Cost per _ 


Country 

(ha) a 

kg/yr (US$) 

Labour 

Feed 

Seed 

Other 

Source 

India 

4.0 

3.12 

1 

47 

42 

10 

India 1997 unpubl. data b 

Sri Lanka 

0.1 

2.24 

5 

45 

20 

30 

Hettlarachchi & Kularatne (1988) 

Thailand 

nr 

3.00 

6 

44 

44 

6 

Thailand 1997 unpubl. data 

Thailand 

8.0 

6.95 

7 

24 

27 

42 

Shang (1982) 

Malaysia 

nr 

6.32 

9 

53 

33 

5 

Sebastian et al. (1993) 

India 

1.0 

2.66 

9 

23 

6 

61 

Nagarajan & Chandrasekar (2002) 

Pakistan 

2.0 

2.32 

10 

24 

27 

39 

New (1996) 

Thailand 

4.0 

5.05 

10 

21 

23 

46 

Anonymous (1980) 

USA C 

0.4 

18.74 

12 

17 

5 

66 

Shang (1982) 

USA d 

4.0 

9.81 

12 

5 

22 

61 

Bauer et al. (1983) 

USA 

1.2 

7.92 

13 

18 

49 

20 

Sempier & Hanson (2008) e 

USA f 

4.0 

4.93 

16 

27 

23 

34 

Montanez et al. (1992) 

Thailand 

0.8 

6.85 

20 

24 

15 

41 

Anonymous (1980) 

Taiwan 

2.0 

10.85 

22 

41 

9 

28 

Lo & Hwang (1994) 

Costa Rica 

50.0 

9.90 

25 

35 

nr 

40 

Costa Rica 1998 unpubl. data 

USA C 

8.0 

15.36 

27 

21 

7 

45 

Shang (1982) 

Brazil 

nr 

7.42 

30 

40 

nr 

30 

Brazil 1998 unpubl. data 

USA C 

4.0 

18.34 

33 

18 

6 

43 

Shang (1982) 

Labour <11% 


3.96 

7 

35 

28 

30 


Labour >11% 


11.01 

21 

25 

14 

41 


All operations 


7.88 

15 

29 

20 

36 



a Water surface area of grow-out facility. 

b N. Sukumaran, N.J. Christopher & R. Neeraja, pers. comm. 1998. 
c Hawaii. 
d South Carolina. 

e Labour expenses estimated from costs reported by Dasgupta (2005). 
f Mississippi. 

nr = not reported. Operating cost percentages with nr were treated as zeros when calculating averages. 


land (7%). Nair & Salin (2006) recently reported that In¬ 
dia had 71 freshwater prawn (a.k.a. ‘scampi’) hatcheries, 
with 43 in the state of Andhra Pradesh. These authors 
estimate that the start-up investment costs range from 
US$ 100 000 to 200 000 and investment costs would be ap¬ 
proximately US$121430 for a hatchery capable of pro¬ 
ducing 20 million PL/yr (C. Nair & K. Salin, pers. comm. 
2008). In Malaysia, projected costs and revenues of a 
small-scale government hatchery with an annual capacity 
of 10 million PL to be constructed in 1982 were reported 
by Tiensongrusmee (1982). The initial investment costs, 
excluding land, over a 3-year period (1982-1984) were 
US$ 130 500 with the building, electrical generators and 
water supply system constituting 24, 33 and 13%, respec¬ 
tively, of the total investment. 

Valenti et al. (1998) estimated that a ‘backyard’ Brazil¬ 
ian recirculation hatchery (Chapter 5), with a production 
capacity up to 100 000 PL/month, would require an invest¬ 
ment of only US$ 4000. Studies on hatchery costs in con¬ 


tinental USA include Leventos (1986) and Smith (1990). 
In contrast, Valenti & Tidwell (2006) pointed out that all 
hatcheries in subtropical regions of the western hemisphere 
employ enclosed buildings, i.e. there are no commercial 
backyard hatcheries used in the region. They estimated 
that the investment cost for a hatchery capable of pro¬ 
ducing 1 million PL/cycle in Brazil would be approximately 
US$ 70 000. It is assumed this estimate excluded land costs. 
Fuller etal. (1992) estimated that a hatchery building would 
represent about 34% of the estimated total investment 
(US$84 000) of a prawn hatchery constructed in Missis¬ 
sippi. Estimated costs of constructing hatcheries on island 
sites can be found in New etal. (1978) and Aquacop (1979). 

20.3.1.2 Operating costs and profitability 

Total operating costs for two small-scale hatcheries near 
Bangkok, Thailand in the 1973/74 period, based upon out¬ 
puts substantially lower than the hatchery capacity, ranged 
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from US$ 14.8/1000 PL to 30.4/1000 PL (Kloke & Potavos 
1975). Labour costs constituted 22to31%of total operating 
cost. These authors projected a small hatchery operating at 
full capacity due to robust market demand could reduce 
total operating costs to about US$ US 12/1000 PL. Total 
operating costs apparently declined as Thailand’s hatch¬ 
ery sector expanded. By 1980, the average total operating 
cost of small-scale hatcheries was US$ 11.50/1000 PL, while 
medium- and large-scale hatcheries had total operating cost 
averages of US$ 9.00/1000 PL and 10/1000 PL, respectively. 

The annual labour cost for a large Thailand 
(30 million PL/yr) hatchery was about US$ 27 000, which 
included employment of a manager, three biologists and 
a ‘number of workers’ (Singholka 1982). The PL sold by 
private hatcheries in Thailand during 1979 were in the 
US$ 17 to 37/1000 PL range, but by 1981 had decreased to 
US$ 12.50/1000 PL. This decline apparently shifted some 
prawn farmers from producing PL in their small-scale 
hatcheries to buying PL from others. Production costs 
probably continued to decline markedly during the 1980s, 
because New (1990) noted that PL selling prices in 1989 
ranged from only US$ 1.40 to 4.00/1000 PL. This was mostly 
due to improved hatchery production efficiencies but there 
may have been an over expansion of the hatchery capacity 
in Thailand, since PL prices in 1999 were typically about 
US$ 1.38/1000, a price which was similar to the lowest price 
of 10 years earlier and was substantially lower than in most, 
if not all, other countries (Chapter 17). By late 2007, PL 
were available for US$ 1.50/1000, a very low price that had 
hardly changed in the previous 15 years. 

Based upon a projected output of 10 million PL in 
the third year of operation, the annual production 
cost including depreciation was projected to be about 
US$ 9.00/1000 PL for a government hatchery in Malaysia 
during 1982 (Tiensongrusmee 1982). Projected gross rev¬ 
enues were US$214 600 based upon expected PL selling 
price (US$ 21.50/1000 PL), which would result in a net 
profit (before taxes) of US$124 700. For 4 hatcheries in 
India, average allocated total production costs per hatch¬ 
ery run (cycle) were reported to be US$ 5.50/1000 PL by 
Sebastian (1990), which included labour (24%), feed (19%) 
and utility expenses (5%) plus fixed costs such as interest 
payments (19%) and management salaries (17%). Starting 
in 2000, competition between many of India’s hatcheries 
has apparently caused PL prices to fluctuate substantially 
from a record high of approximately US$ 30/1000 PL in late 
2000 to lows below US$ 4/1000 PL during 2004, followed 
by recent (2006) levels near US$5 to 7/1000 PL (Nair & 
Salin 2006). However, PL produced by Kerala hatcheries 
and directly spawned by wild broodstock apparently fetch 
a higher price, namely US$ 8 to 9/1000 PL. 

The location of hatcheries relative to feed and seawa¬ 
ter sources may influence operating costs. In Thailand, 


coastal hatcheries had production costs some US$ 2.00 to 
2.50/1000 PL lower than inland hatcheries transporting sea¬ 
water (Anonymous 1980). Truong (1991) reported that the 
operating costs of small-scale freshwater prawn hatcheries 
in the Mekong Delta in 1990 were US$ 0.6/1000 PL and 
1.15/1000 PL for a coastal and an inland hatchery, respec¬ 
tively. The coastal hatchery operating costs were lowered 
due to the availability of inexpensive Artemia and the de¬ 
pendency of the inland hatchery on transported saltwater. 
A more recent survey of hatcheries in the Mekong Delta 
(Hai et al. 2003), indicated that annual average operating 
costs were about US$ 1460, an average ofUS$ 1.29/1000 PL. 
Larval feed cost including Artemia accounted for 42% of 
these costs. 

In Brazil, Valenti & Moraes-Riodades (2004) reported 
that commercial hatchery operating costs ranged from ap¬ 
proximately US$ 3.00 to 5.00/1000 PL with Artemia, labour 
and depreciation being the major cost components. Selling 
prices for PL varied from US$ 6.00 to 12/1000 PL depend¬ 
ing upon season, region and quantities purchased. The pro¬ 
jected PB periods and the IRR for Brazilian hatchery sector 
varied from just 3.0 to 5.5 years and 15 to 45%, respectively. 

Researchers have attempted to analyse factors influencing 
the lack of expansion in the US hatchery sector, especially 
with regard to supporting a domestic grow-out farming 
industry in the continental USA. Hagood & Willis (1976) 
believed that the production cost of prawn PL would not 
be a constraint to US grow-out prawn farming. However, 
Bauer et al. (1983) and Liao & Smith (1983) indicated that 
the commercial price of freshwater prawn PL and juve¬ 
niles was a major constraint to the development of com¬ 
mercial prawn farming in the continental USA. In con¬ 
trast, Fuller et al. (1992) observed that the breakeven price 
(~US$ 7.90/1000 PL) for a commercial hatchery producing 
6.3 million PL/yr was ‘considerably lower’ than advertised 
commercial PL prices (ca. 1991) of US$20 to 50/1000 PL. 
These authors qualified their observation by noting that 
marketing and transportation costs were not considered in 
their hatchery cost estimates. 

The expansion of the prawn hatchery sector, and the 
possibility of declining PL prices in the continental USA, 
has apparently been constrained by the relatively seasonal 
and inconsistent commercial grow-out demand for prawn 
PL or juveniles compared to other countries such as Thai¬ 
land. Valenti & Tidwell (2006) estimated that the output of 
temperate zone hatcheries, such as those in the USA, really 
needed to exceed 2 million PL/yr in order to be economi¬ 
cally feasible. Production expenses for these hatcheries were 
estimated to range from US$ 7.50 to 15.00/1000 PL. Major 
operating expenses included Artemia and artificial sea salts, 
as well as energy costs related to hatchery heating needs (e.g. 
broodstock holding) in a temperate zone climate. During 
the 1980s, preferences to invest in US marine shrimp 
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farming (Hopkins 1991; Chamberlain 1991), not prawn 
farming, may have also competed for investment dollars 
from financiers interested in US aquaculture opportunities. 

A simple comparison of variable costs for a marine (pe- 
naeid) shrimp hatchery in the Philippines during 1992 
(Shang et al. 1998) indicated that labour costs (exclud¬ 
ing sales commissions) ranged between 25 and 28% of to¬ 
tal variable costs. Other factors being equal (e.g. trends in 
labour costs between Thailand vs. the Philippines), it ap¬ 
pears that commercially producing marine shrimp PL may 
be more labour intensive than freshwater prawn PL pro¬ 
duction. The purchase of marine shrimp broodstock and 
nauplii represented 22 to 26% of the total production cost 
of the small- to large-scale penaeid hatcheries (Shang et al. 
1998). Fuller et al. (1992) estimated that freshwater prawn 
broodstock purchase and care in the USA would only rep¬ 
resent about 6% of total production costs. Unlike marine 
shrimp broodstock, freshwater prawn broodstock can ap¬ 
parently be purchased at ‘normal’ market prices in Thai¬ 
land (New 1996) and other countries, or berried females are 
readily available from integrated grow-out ponds at no cost 
(M. New, pers. comm. 2008). A study of hatcheries in India 
using 1989/90 data (Raju & Nair 1992) revealed that an av¬ 
erage of 1202 person-days of employment were generated 
per hatchery and the initial investment could apparently 
be paid back in the first year of operation, assuming there 
were 5 to 8 successful hatchery runs and a PL selling price 
of US$ 18.50/1000 PL. 

One of the most comprehensive published studies (Fuller 
et al 1992) on hatchery profitability was based upon a hy¬ 
pothetical facility in a minor prawn producing country, 
the USA. Their price and PL survival sensitivity analy¬ 
sis revealed that positive net returns for survival rates of 
70% occur when the free on board (FOB) selling price is 
US$ 10/1000 PL (ca. 1990) or higher. At an 80% survival rate 
and a selling price of US$ 14/1000 PL, the price (benefit) to 
cost ratio is 1.79. It is interesting to note that Shang et al. 
(1998) reported the ‘benefit/cost ratio’ of a medium-scale 
marine shrimp hatchery in the Philippines during 1992 to 
be similar, 1.87. 

At full capacity, Kloke & Potavos (1975) projected net rev¬ 
enues per 1000 PL to be US$ 15.60 to 23.10, based upon an 
average selling price of US$ 35/1000 PL for two small-scale 
hatcheries in Thailand during 1974. The limited market 
demand for PL in 1974 was considered a major constraint 
to financial success, because neither hatchery could operate 
near full capacity. The authors concluded that PL market 
demand should ‘cease to be a problem’ once grow-out cul¬ 
ture of freshwater prawns expanded in Thailand. This has, 
in fact, occurred. 

Based upon a 1980 selling price of US$ 16.25/1000 PL, 
surveyed hatcheries in Thailand had annual profits 
ranging from US$ 4.85/1000 PL for small hatcheries 


to US$ 7.53/1000 PL for medium hatcheries and to 
US$ 7.40/1000 PL for large hatcheries (Anonymous 1980). 
The small hatcheries in 1980 had the highest rate of return 
(236%), mainly due to their small initial investment, fol¬ 
lowed by medium units (154%) and large (62%) hatcheries. 
The average net income generated hatcheries in Vietnam 
during the early 2000s was US$ 7710 (Hai et al. 2003), about 
3 times reported average investment cost. Given these high 
returns, initial hatchery investment could be paid off within 
the second year of operation or sooner. The higher rate of 
return of the small hatcheries may also account for the ex¬ 
pansion in the number of backyard or small-scale hatcheries 
that occurred in Thailand and Vietnam. 

Sebastian (1990) projected net annual revenues of 
US$ 17.5/1000 PL, based upon a PL selling price of 
US$ 18.50 and total operating cost of about US$ 1/1000 PL 
for a 2.1 million PL/yr small-scale hatchery in India. Pro¬ 
jected sales of only 3900 PL (Sebastian 1990) would be 
the breakeven point for recovery of the allocated annual 
fixed costs. In a comparative economic analysis of public 
and private sector hatcheries in India, investigators (Raju 
& Nair 1992) found that the public hatcheries were less 
cost-effective, even though the average PL survival rate of 
the public hatcheries was higher (62%) than those in the 
private sector (39%). Based on a 40% PL survival rate, the 
estimated rate of return (ROR) on the initial hatchery in¬ 
vestment in public hatcheries was less than 8%, while the 
ROR of the private hatcheries averaged about 23%. Net 
profits of 12% from a pilot project in the state of Kerala, 
India, were reported by Jacob & George (1993) for a pilot- 
scale commercial prawn hatchery producing 125 000 PL in 
its first year, 1991/92. 

Angell (1992) reported that a small-scale hatchery in 
Bangladesh using a recirculation system could yield 12 to 
17PL/L. In order to generate an adequate return on in¬ 
vestment (ROI), the Bangladeshi hatchery would need to 
generate five PL batches (cycles) per annum. Angell (1994) 
projected that an IRR of 22% could be generated based on a 
hatchery yield of 15 PL/L, 3 cycles per annum, and a selling 
price range of US$ 12.5 to 25.0/1000. At a yield of 20 PL/L, 
the projected IRR increased to 41%. 


20.3.1.3 Comparative cost analysis 

The total investment costs of freshwater prawn hatchery 
facilities obviously increase with annual output capac¬ 
ity. A comparison of hatchery investment costs, mainly 
from 1990s sources, adjusted to Year 2000 US$ (Table 
20.1), indicates that investment cost per 1000 PL of an¬ 
nual output capacity does appear to generally decline as 
the overall capacity of the hatchery increases (Fig. 20.1) 
for hatcheries with annual capacities over 3 million PL/yr. 
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Hatchery capacity (in thousands of PL) 



Fig. 20.1 Freshwater prawn hatchery capacity vs. in¬ 
vestment cost per 1000 PL of output, adjusted to Year 
2000 US$, based upon reported costs for hatcheries 
with capacities greater than 3 million PL/yr (Table 20.1). 
R 2 = Coefficient of determination for the above power 
curve. 


Lee & Wickins (1992) also noted that investment per 
monthly capacity versus monthly output in millions of PL 
decreased with the output capacity of the hatchery when 
analysing marine shrimp and prawn hatcheries (mainly 
large marine shrimp hatcheries capable of producing over 
100 million annually). A regional comparison of prawn 
hatcheries suggests that the average investment per out¬ 
put of the Asian hatcheries, US$ 12.89/1000 PL, was smaller 
than the average, US$ 23.97/1000 PL, for hatchery invest¬ 
ment in the Americas (Table 20.1). This difference is due to 
the two hatchery examples listed with the highest capacity 
being located in Asia. In any case, those planning to con¬ 
struct a prawn hatchery may need to plan an investment as 
high as US$ 24/1000 PL (Year 2000 US$) of capacity. 

As might be expected, the annual (total) operating cost 
of the 2 Asian hatchery examples with an annual capacity of 
over 10 million PL was substantially lower than the average 
operating cost of the Asian hatcheries, US$ 12.91/1000 PL, 
with a smaller capacity (Table 20.2), i.e. annual capaci¬ 
ties of 10 million PL or less. The average operating costs of 
these smaller Asian hatcheries were similar to the average, 
US$ 13.62/1000 PL, for hatcheries in the Americas (i.e. USA 
and Latin America). However, a comparison of the average 
labour cost percentages of these small hatcheries in Asia 
(Fig. 20.2) versus the Americas (Fig. 20.3) indicates that the 
hatchery labour cost in American hatcheries may be much 
higher than the labour cost for Asian hatcheries. This dif¬ 
ference is probably due to generally lower relative labour 
wage rates in the Asian countries listed, compared to the 
countries in the Americas. 

20.3.2 Nursery production 

A nursery phase may be employed to ‘head start’ juve¬ 
nile prawns before stocking them in the grow-out system. 


Fig. 20.2 Average operating cost percentages for 
Asian freshwater prawn hatcheries with a capacity of 
10 million PL or less (Table 20.2). 


Variable operating costs of a nursery phase using outdoor 
earthen ponds in Malaysia during 1981 and 1982 were re¬ 
ported by Tiensongrusmee (1983). The total variable costs 
were US$ 1913 for a pond area of 2000 m 2 (US$ 9565/ha) 
when initially stocked with 30 PL/m 2 and reared in the nurs¬ 
ery ponds for 60 days. As might be expected, the PL cost 
(81% of the total) was the major variable cost, followed 
by labour expense (4%). The variable cost of the nursery 
juveniles was US$ 45.55/1000; the author did not provide 
details on the weight of harvested juveniles. Based upon 
experimental research in the southeast of Brazil’s State 
of Sao Paulo, Faria 8c Valenti (1995b) estimated that in¬ 
door nursery systems had an operating cost ranging from 
US$ 89/1000 to 106/1000 juveniles, while outdoor nursery 
systems ranged from US$ 34/1000 to 50/1000 juveniles. Ju¬ 
veniles were reared for about 60 days during the winter sea¬ 
son. These authors concluded that outdoor nursery systems 
employing earthen ponds were more desirable than indoor 
winter nursery techniques, because of the lower costs per 
juvenile. In contrast, temperate zone nursery systems must 
use indoor tanks essential for producing juvenile prawns 


OTHER 
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Fig. 20.3 Average operating cost percentages for 
American freshwater prawn hatcheries (Table 20.2). 
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large enough to be stocked directly in outdoor ponds in the 
spring and reach marketable sizes within a 90 to 120 grow- 
out ‘window’ (Valenti & Tidwell 2006). Major operating ex¬ 
penses for temperate zone nursery systems, besides labour, 
are energy and feed cost; however, these expenses are usually 
lower than hatchery phase costs (Valenti & Tidwell 2006). 

Based on unpublished 1997 data, investment costs for ju¬ 
venile production facilities integrated with grow-out farms 
in Latin America were US$ 40 000 and 50 000 for producing 
4 and 2 million 2 g juveniles per year, respectively. When 
adjusted to Year 2000 US$, total annual operating costs 
for producing 2 g juvenile prawns were US$ 8.90/1000 and 
10.42/1000 for facilities in Brazil and Costa Rica, respec¬ 
tively (Table 20.3). The production costs for 10g juveniles 
in Thailand (~US$ 63/1000 juveniles) were about 7 times 
higher than the estimated cost in Brazil (~US$ 9/1000) for 
producing 2 g juveniles. Feed expenses represented 40% or 
more of nursery production costs, while labour cost per¬ 
centages in the Latin American countries were higher than 
those for the two Asian countries. 

20.3.3 Grow-out production 
20.3.3.1 Costs and profitability 

Various economic feasibility studies have been published 
on freshwater prawn grow-out farming in Asia; there are 
also some published case studies on actual economic per¬ 
formance. Shang (1982) compared the costs and returns of 
Thai and Hawaiian prawn farms and found that the ini¬ 
tial investment in Hawaii during 1980, which ranged from 
approximately US$ 8200 to 17 200 per 0.4 ha pond depend¬ 
ing on the farm’s overall size, was about 2.5 to 8.9 times 
higher than in Thailand. The cost in Thailand during 1980 
increased from US$ 1928 for a single-pond 0.4 ha farm to 
US$3278 per 0.4 ha pond for an 8 ha farm. Shang (1982) 
attributed this increase in cost per unit of pond (0.4 ha) to 
the larger quantities of equipment used and the generally 
better pond construction as Thai farms became larger. Since 
Hawaiian farms had a higher initial investment than Thai 
farms, depreciation and interest payments, on average, were 
3 and 12 times higher, respectively, than in Thailand. Com¬ 
paring annual operating cost percentages of 4 ha farms, 
labour (34%) represented the highest cost component in 
Hawaii, while expenditures for PL (23%) represented the 
highest category for Thai farms. In 1980, the cost of labour 
per kilogramme of marketable prawn for Hawaiian farms 
was 6.8 times higher than in Thailand. Although the yields 
per 0.4 ha were higher in Hawaii (800 kg) compared to Thai¬ 
land (400 kg) in 1980, the production cost in Thailand 
ranged from US$ 2.95/kg to 4.50/kg, depending on farm 
size, and was much lower than in Hawaii (which ranged 
from US$ 8.6 to 10.50). The average annual operating cost 


per kilogramme of prawns in Hawaii was about 2.7 times 
higher than in Thailand. Moreover, the ex-pond prices of 
prawns in Hawaii during 1980 (~US$ 8.80/kg) were only 
1.2 times higher than Thailand (US$ 7.30/kg). Shang (1982) 
concluded that all of the 3 farm sizes in Thailand were mak¬ 
ing ‘good profit’ (i.e. net revenues of US$ 2.50/kg or more). 
In contrast, 0.4 and 4 ha farms in Hawaii had negative net 
revenues and an 8 ha farm was only breaking even in 1980. 

Shang (1982) indicated that the production costs of 8 ha 
farms in Hawaii (US$ 8.61/kg) were almost twice the es¬ 
timated cost in Thailand (US$ 4.50/kg). The Thai farms 
received lower prices and had lower average yields than 
Hawaiian farms, but Thai farms were still more profitable 
because of lower production costs. It is interesting to note 
that Shang (1981a) also did a comparison of estimated 
production costs of extensive marine shrimp farming in 
Mexico and concluded that freshwater prawn culture had 
lower costs and would yield a slightly higher net profit than 
marine shrimp farming. 

Based upon experimental trials in Sri Lanka, Hett- 
larachchi & Kularatne (1988) estimated gross revenues 
of US$ 1490 for small 0.1 ha ponds at a total operating 
cost of US$460 per pond, resulting in net revenues of 
US$ 1030, assuming 2 crops were produced per year. As¬ 
suming hatcheries could be developed, they recommended 
prawn farming to be developed in rural areas, especially 
where freshwater fish ponds were already established. These 
authors believed that prawns would be more profitable than 
fish culture, because prawn market prices were generally 
higher than fish prices in Sri Lanka. Unpublished 1997 
data on small prawn farms (1.5-7 ha) in the state of Tamil 
Nadu, India, indicated an initial investment cost of about 
US$ 395/ha and operating costs of US$ 2.92/kg, resulting 
in an average net profit of approximately US$ 3.33/kg for 
an ex-pond selling price of US$ 6.25/kg (N. Sukumaran, J. 
Christopher &R. Neeraja, pers. comm. 1998). Annual yields 
per ha ranged from 1350 to 6300 kg, with feed (47%) and 
seed (42%) constituting most of the operating costs. Na- 
garajan & Chandrasekar (2002) presented a ‘typical’ costs 
and return scenario for a freshwater prawn grow-out opera¬ 
tion in the state (province) of Andhra Pradesh, India. Their 
scenario indicated a net profit of about US$ 1100/ha based 
on a harvest yield (headless) of 575 kg/ha sold for approx¬ 
imately US$ 7.65/kg, i.e. a gross revenue of approximately 
US$ $4400/ha. The top 3 farming expenses were land leas¬ 
ing fees, feed expense and energy costs, comprising about 
24, 23 and 12%, respectively, of total cost and collectively 
accounting for nearly 60% of total costs. 

Prawn cultivation in India has been making a moderate 
transition from traditional extensive techniques towards 
more intensive systems (Sukumaran & Muthukumaran 
2004), including all-male monosex stocking. Using exper¬ 
imental data, Nair et al. (2006) conducted an economic 
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analysis of the all-male monosex culture of freshwater 
prawns, a common practice in the state of Andhra Pradesh. 
Their experimental design involved initially stocking 3 dif¬ 
ferent groups (i.e. all-males, all-females and mixed) of nurs¬ 
ery reared juveniles (averaging 4.5 g/animal) at 25 000/ha. 
The results of the experiment indicated that all-male mono¬ 
sex cultivation was approximately 60% more profitable than 
the mixed or all-female juvenile stocking. The results appear 
to validate the economic viability of all-male prawn cultiva¬ 
tion practice in Andhra Pradesh. However, Nair et al. (2006) 
noted that an all-female prawn culture has commercial po¬ 
tential for several reasons, including higher mean survival 
and lower FCR. Among many other factors, the economic 
viability of monosex prawn cultivation in India and other 
countries could also be dependent on the existence of a rel¬ 
atively large, competitive hatchery-nursery sector capable 
of supporting specialised production of monosex prawns. 

Sadek & El-Gayar (1995) estimated production costs in 
Egypt from experimental trials in which freshwater prawns 
were cultured in brackishwater earthen ponds. Total pro¬ 
duction costs, based upon an initial stocking density of 
2/m 2 (0.7-1.0 g prawns) and an average yield of 655 kg/ha, 
were estimated to be US$ 17 510/ha. Prawn juvenile costs, 
at US$ 60.61/1000, represented 64% of the variable costs 
(i.e. juveniles, feed and electricity) or about 7% of the 
total per hectare production costs. In contrast, labour 
costs were only 1% of total production costs. Net income 
was estimated to be a negative US$ 12 657/ha, but these au¬ 
thors believed that higher production was feasible if stock¬ 
ing rates were increased from 7 to 10/m 2 . However, an 
extrapolation from the experimental production and cost 
data given by Sadek & El-Gayar (1995), based on a stocking 
density of 10/m 2 , indicated that higher yields would still 
not make brackishwater culture profitable. 

Hsieh et al. (1989) estimated that production costs in 
the freshwater prawn farming industry of Taiwan ranged 
from US$ 3.80/kg to 5.70/kg, with wholesale prawn prices 
ranging from US$ 11.30/kg to 15.00/kg depending upon the 
season. These costs exclude land cost because farming land 
is usually not sold, but passed down through generations. 
Based upon annual yields of4000to5000 kg/ha, a successful 
farm could expect a ‘net income’ of about US$ 37 800/ha 
in Taiwan during the 1980s. It was not clear from Hsieh 
et al. (1989) if this income was before or after deducting for 
family labour costs. 

Lo & Hwang (1994) investigated the structure of the 
aquaculture industry in Taiwan, including the income and 
costs of freshwater prawn farming during 1992 and found 
that prawn farming had the third highest cost per hectare 
among nine aquaculture species. Survey results indicated 
that total annual operating costs were about US$ 45 300/ha 
with labour and feed/fertiliser constituting 22 and 41%, 
respectively, of total costs. These authors estimated that 


the average net revenues/ha were negative (US$ 10 200/ha) 
in 1992 and believed that better disease control in prawn 
production would improve profits. 

Liao (1996) found that only small prawn farms (<1 ha) in 
Taiwan during 1993 were unprofitable, while medium (1- 
2 ha) and large prawn farms (> 2 ha) had average net returns 
of US$ 3390/ha and 3610/ha, respectively. The larger farms 
were able to generate more revenue per unit of output, prob¬ 
ably due to economies of scale. A production function anal¬ 
ysis indicated that prawn farming profits in Taiwan could 
be increased by the expansion of the farm size and more in¬ 
tensive use of labour, but a conclusion of this study was that 
high production costs were likely to deter additional invest¬ 
ment in the industry. Chien (1992) cited several factors that 
constrained the further large-scale expansion of freshwater 
prawn production in Taiwan, including the inability to grow 
prawns greater than 30 g in 5 months and the substitution of 
lower-priced marine prawns for freshwater prawns. Conse¬ 
quently, freshwater prawn market conditions plus relatively 
high production costs have probably limited prawn farm¬ 
ing profitability in Taiwan. Moreover, retarded growth, in- 
breeding, overuse of underground water resources and high 
production costs also caused a decline in national produc¬ 
tion in the 1990s; output has revered somewhat since then 
but has still not reached the peak levels previously attained 
(Chapter 17). 

In Latin America and the Caribbean, several studies 
have been made on the economic feasibility of commercial 
grow-out prawn farming. New etal. (1978) investigated the 
technical and economic feasibility of developing commer¬ 
cial freshwater prawn farming in the Windward Island of 
Dominica, based upon a government-controlled and sub¬ 
sidised prawn hatchery. Estimated pond construction costs 
on a 1:50 land gradient without a gravity freshwater sup¬ 
ply, ranged from US$ 11 132/ha to 19 151/ha for 4 to 0.8 ha 
farms, respectively. Based upon 2800 kg/ha/yr and an ex¬ 
pond price of US$ 4.90/kg, these authors concluded that a 
Dominican farm could be profitable, assuming that land 
purchase was not needed. A 4 ha farm, depending upon 
land gradient and water supply, could pay back the initial 
investment in 5 years or less. MacMichael et al. (1992), who 
reviewed 2 years of trials in El Salvador utilising size grad¬ 
ing for pond stocking and above-ground, high-density con¬ 
crete nurseries, reported gross revenues of US$ 24 864/ha/yr 
based upon a yield of 2188 kg/ha/yr. 

Valenti (1992, 1993) estimated that the total production 
costs in Brazil, a country with one of the highest national 
production levels in the western hemisphere, ranged 
between US$ 3.00/kg and 5.00/kg during the early 1990s. 
Based upon a domestic market price of at least US$ 5/kg 
(Valenti 1993), net revenues would have been approx¬ 
imately US$2/kg during this time period for Brazilian 
farms, with production costs near US$ 3/kg. Experimental 
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trials by Valenti & Sampaio (1996) have shown that net 
revenues are maximised at US$ 912/ha (403/kg/ha) with 
an initial PL stocking density of 1.5/m 2 in the 8 months 
of grow-out. These results are consistent with lowering 
stocking densities in order to increase overall prawn size 
rather than aggregate yield. Moreover, applied research by 
Faria & Valenti (1995a) demonstrated that 0.3 g juvenile 
prawns stocked at experimental densities of 4/m 2 yielded 
net revenues equivalent to US$ 3277/ha. When density 
increased to 5/m 2 , net revenues declined substantially 
to just US$ 831/ha. The higher net revenue at the lower 
density was mainly due to much higher prices for the larger 
prawns. Trials performed by Valenti (1989) showed that 
profitability depends on stocking density in low-technology 
semi-intensive culture (Chapter 9). Excluding fixed costs, 
net revenue could attain US$ 9047/ha/yr, when stocking 
4 PL/m 2 . Stocking 12 to 20 PL/m 2 was not profitable. This 
analysis, which did not consider fixed costs, was based on 
current prices during the mid-1980s in Brazil, when large 
prawns achieved a high price. 

Valenti & Moraes-Riodades (2004) characterised com¬ 
mercial prawn culture as a ‘complementary’ enterprise, not 
a major business endeavour for Brazilian farms with ponds. 
In contrast to this characterisation, they also indicated that 
where year-round prawn farming is possible it can be rela¬ 
tively profitable. For example, Brazilian prawn farms with 
10 to 15 ha ponds employing ‘high-technology’ systems 
were expected to achieve an annual IRR of 45% with a 
3.5-year PB period. Even in regions with 6 to 8 month 
grow-out periods/yr, the estimated IRR for 5 ha farms were 
estimated to be about 25%. 

The potential profitability of freshwater prawn cultiva¬ 
tion in Brazil is apparently not limited to food-market pro¬ 
duction. Valenti etal. (2008) examined the economic feasi¬ 
bility of culturing M. amazonicum for recreational fishing 
bait in Pantanal, Brazil. Their pro forma financial feasibility 
analysis indicated the possibility of robust profitability (e.g. 
a projected annual IRR of 91%, 6.2 benefit-cost ratio, etc.) 
as well as the benefit of reducing wild harvest pressure on 
natural populations of this prawn species. 

The commercial grow-out season in the continental USA, 
like other temperate zone regions, is often limited to 150 
days or less (Tidwell et al. 2005). Consequently, applied 
prawn farming research and development (R&D) efforts 
were conducted in South Carolina during the 1970s, and 
in Mississippi during the 1980s and 1990s (Tidwell et al. 
2005), in an effort to address grow-out season and other 
constraints (e.g. dependency on small seasonal or ‘window’ 
niche markets, etc.) in the continental USA (see Chapter 
10 for the current status of USA prawn farming research). 
One of the common objectives of these public sector funded 
efforts was the intent to stimulate the development of com¬ 
mercial large-scale prawn farming and/or aquaculture ‘cot¬ 


tage industries’ based on the utilisation of existing small 
(e.g. <3 ha) farm ponds. The South Carolina R&D effort 
started in the 1970s and included several studies that eval¬ 
uated the financial feasibility of grow-out systems in that 
state (Roberts & Bauer 1978; Sandifer et al. 1982; Bauer 
et al. 1983). Bauer et al. (1983) estimated there would be 
negative net revenues for a 4 ha South Carolina grow-out 
farm regardless of the seed stock prices, stocking strategies 
(e.g. mixture of PL and juveniles) and possible marketing 
alternatives, if investment costs included the construction 
of new ponds and water supply. Even when existing fa¬ 
cilities (i.e. pond construction and well drilling costs were 
excluded) could be utilised, estimated net revenues were of¬ 
ten negative when using either a mixture of PL and juveniles 
or only juveniles. Positive net revenues were partially con¬ 
tingent on the development of market segments for whole 
(‘heads-on’) prawns (Sandifer etal. 1982; Bauer etal. 1983). 
The lack of seed or their high unit costs were also identified 
as major problems confronting the development of prawn 
farming in South Carolina (Liao & Smith 1983). 

Based upon 7 years of experimental data and heads-off 
marine shrimp price trends, Montanez et al. (1992) esti¬ 
mated that net revenues for a 4 ha freshwater prawn farm in 
the hill area of Mississippi, USA, during 1991, would also be 
negative. Net revenues associated with size-grading strate¬ 
gies were less negative than most of the ungraded strate¬ 
gies at similar stocking densities. The estimated investment 
in the ‘synthesised’ or hypothetical Mississippi prawn farm 
used in their analysis was US$ 93 041 or 23 260/ha. Depend¬ 
ing upon stocking strategies, total annual operating costs 
were estimated to range between US$ 2714/ha and 9987/ha. 
A sensitivity analysis of size-grading strategies showed posi¬ 
tive net revenues if an average whole prawn wholesale price 
of US$ 3.50 was assumed. As in South Carolina, this as¬ 
sumption was predicated on a robust domestic niche mar¬ 
ket for whole prawns being sold directly to consumers and 
restaurants, an assumption that still remains questionable 
for the continental USA. 

An enterprise budget analysis, based upon small com¬ 
mercial 0.4 ha grow-out facilities on existing agricultural 
farms in Kentucky, indicated the potential for modest prof¬ 
its from prawn farming in continental USA (Woods et al. 
1998). Sempier & Hanson (2008) conducted a mail sur¬ 
vey of US freshwater prawn producers to study production 
economics and marketing. Questionnaires were mailed to 
128 individuals who were identified as probable prawn pro¬ 
ducers in the continental USA, requesting information on 
cost, marketing and sales related to their prawn farming 
during the 2005 production year. Twenty-seven useable re¬ 
sponses (21% of the surveyed individuals) from ten states 
were analysed. Reported gross receipts varied by state from 
US$ 10.97/kg to 19.56/kg and were a function of the har¬ 
vest proportion sold at different outlet price levels as well 
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as the percentage of harvest actually sold. Stocking, feed 
used as an organic fertiliser, fuel, and electricity comprised 
the majority of variable costs, and ranged from US$ 6.97 
to 11.18/kg. Variable costs were influenced by the distance 
from hatcheries (stocking costs), distance from catfish feed 
manufacturers and the level of fuel and electricity used. 
Each respondent who completed the fixed cost section of 
the survey indicated that they used aeration equipment 
in their ponds, but a wide range of other equipment was 
also utilised, impacting the total fixed costs for each oper¬ 
ation. Fixed costs varied widely, ranging from $US 1.45/kg 
to 7.05/kg and differing management practices most likely 
influenced this wide variation. Post-harvest costs varied 
among states, due to some regional operations selling the 
majority of their harvest to markets that were different from 
those of producers in other regions. Sixty-seven percent of 
respondents who provided variable cost information re¬ 
alised a positive income above variable costs. When the 
average fixed cost of all respondents was added to the re¬ 
gional variable and post harvest costs, net returns were pos¬ 
itive for 41% of the responding producers. Producers who 
were able to produce over 560 or 729 kg/ha/yr of prawns 
were more likely to meet all variable costs or to have a 
positive net return, respectively. 

Sempier & Hanson (2008) concluded that producers 
could decrease their production costs by improving yields 
(increasing survival and individual harvest weight); de¬ 
creasing stocking costs; finding less expensive organic fer¬ 
tiliser substitutes for manufactured animal feeds and/or 
decreasing other feed costs; efficiently controlling fuel 
and electricity uses; and finding additional income gen¬ 
erating uses for non-specialised equipment (e.g. tractors) 
used to produce prawns. As others (Sandifer et al. 1982) 
have demonstrated for prawn farming in the continen¬ 
tal USA, small-scale prawn farming in Kentucky is also 
a relatively costly enterprise. Dasgupta & Tidwell (2003) 
reported production economics results based on a small, 
hypothetical prawn farm with a single 0.4 ha pond, oper¬ 
ating for a single 4-month production cycle per year. Sev¬ 
eral different stocking scenarios were investigated because 
Kentucky farmers have not collectively decided on a best 
management practice for stocking. Initial investment for 
the small prawn farm was reported at US$ 9000 to 10 000. 
Assuming a US$ 0.08/head price of juveniles, the breakeven 
prices ranged from US$ 9/kg (intensive stocking scenario) 
to US$ 17/kg (low-density stocking scenario). While this 
suggests that intensive stocking should be the optimal 
choice, the reality of small-scale farming often forces pro¬ 
ducers to stock more lightly. Intensive stocking is typi¬ 
cally associated with high yields (2334 kg/ha), and most 
prawn farmers are unwilling to adjust their pond sizes 
depending upon a projected output volume. This com¬ 
bination usually results in an output volume which, for 


many farmers, causes too much supply with respect to 
their demand. Hence, producers stock at lower densities 
to reduce the market risk of having unsold product at 
the end of a production year. Dasgupta & Tidwell (2003) 
also clearly indicated that retail and direct marketing were 
the only feasible strategies for small-scale prawn farmers 
in Kentucky. Stone & Selden (2006) concluded that US 
‘producers will not be able expand beyond existing live 
and fresh niche markets.’ In addition, these authors cau¬ 
tioned potential US producers to carefully evaluate the 
costs and risks before getting involved in freshwater prawn 
farming. 

The production and marketing challenges to developing 
a ‘cottage’ industry based on small-scale prawn farms is not 
limited to continental USA. Fast & Leung (2003) provided 
an industry case study on the ‘rise and fall’ of commercial 
freshwater prawn culture in Hawaii from 1965 to 1999, a 
sub-tropical US island state. Several factors contributed to 
the early expansion (1972-1983) of commercial freshwater 
prawn culture in Hawaii, including the critical develop¬ 
ment of large-scale seed culture techniques (Chapter 1), 
early adoption of traditional grow-out techniques initially 
based on non-drainable earthen ponds and early successes 
in marketing live and fresh prawns within Hawaii. Further¬ 
more, the early commercial successes in Hawaii probably 
enhanced the rationale for justifying public sector funding 
of freshwater prawn farming R&D projects in continental 
USA during the 1970s. 

According to Fast & Leung (2003), the decline of com¬ 
mercial prawn culture was due to the interaction of un¬ 
successful attempts to develop a ‘clear market position’ for 
prawns as distinct from marine shrimp products, and the 
high unit production costs of Hawaiian prawns, especially 
relative to the market prices of imported freshwater prawns 
and marine shrimp. High production costs stemmed from 
the interaction of several factors, not just the environmen¬ 
tal deterioration of ponds over time that resulted in lower 
than expected yields (~1000-1700 kg/ha/yr, compared to 
assumed profitable yields of 3000-4000 kg/ha/yr). Factors 
contributing to this low yields-high production costs in¬ 
teraction included high PL (seed) costs and/or chronic 
unavailability of seed and various pond management in¬ 
efficiencies including labour intensity; and constraints to 
adopting techniques for coping with the heterogeneous in¬ 
dividual growth (HIG) of prawns. Fast & Leung (2003) 
also noted that existing farms were probably reluctant to 
fully adopt new HIG mitigation techniques because of wa¬ 
ter use/reuse limitations and retrofitting problems, as well 
as risks that adopting new techniques might not actually 
generate adequate benefits relative to incremental costs 
associated with adopting the new techniques. However, 
these authors concluded that some small-scale freshwater 
prawn farming will probably continue in Hawaii due to the 
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demand derived from its tiny high-priced (>US$ 20/kg) 
niche market. 

There were also several commercial efforts towards devel¬ 
opment of freshwater prawn farming in Australia (Anony¬ 
mous 1976) more than two decades ago. Pashen (1984) 
adapted data from Hawaii, mainly data from Shang (1981b), 
to determine the economic feasibility of a hypothetical 8 ha 
prawn farm in Queensland. The estimated initial invest¬ 
ment in 1983 was US$ 210 000, with a total grow-out annual 
production cost of US$ 8.13/kg. Pashen (1984) assumed 
that freshwater prawn producers would need to compete 
against marine shrimp species, but prawn farms would 
not be profitable because the Australian wholesale market 
price for marine shrimp species was generally less than the 
projected breakeven price (US$ 8.13/kg) for an 8 ha prawn 
farm. The outlook for the development of the freshwater 
prawn farming industry is not very promising in Australia 
(Treadwell etal. 1992) because of unfavourable market con¬ 
ditions (e.g. lack of developed domestic market segments 
for prawns, competition from imported prawn and ma¬ 
rine shrimp products) and lower yields (i.e. higher costs 
per kg) compared to marine shrimp farming. This analysis 
is consistent with trends in the USA, where perhaps costs 
and market conditions are similar to those in Australia. 
Currently (2007), there is no freshwater prawn farming in 
Australia (Chapter 17). 

Vertical integration in the private sector is defined as a 
business that combines two or more sequential stages of 
production and marketing distribution in the same overall 
organisation or control. For aquaculture enterprises, low¬ 
ering costs could be a major objective of vertical integration 
if one or more of the following benefits could occur from 
integration: 

• Optimising functional efficiencies, such as hatchery and 

marketing functions; 

• Optimising the use of the firm’s human resources; 

• Improved co-ordination of critical production and dis¬ 
tribution stages (Jolly & Clonts 1993). 

There was some evidence that vertical integration of 
prawn hatchery and grow-out operations may lower op¬ 
erating costs. A case study of an integrated hatchery and 
grow-out pond operation in Thailand indicated that the 
1980 cost of PL production was at least US$ 3.00/1000 PL 
lower than those hatcheries with similar capacity but having 
no grow-out pond operation (Anonymous 1980). In addi¬ 
tion, the cost of production for the integrated grow-out op¬ 
eration (US$ 2.65/kg) was lower than those grow-out farms 
without their own hatcheries (US$ 2.95-4.50/kg). Although 
the authors (Anonymous 1980) did not discuss the possible 
reasons for the differences, it is interesting to note that the 
cost of PL/rai (1 rai = 0.16 ha) for the grow-out operation in 


the integrated farm comprised 8% of total operating costs, 
while the cost of PL for regular grow-out farms in the same 
size range, 2.4 to 6.4 ha, represented 23%. Consequently, 
the lower costs associated with the grow-out operation in 
the integrated farm may have been due to the internal use of 
PL from the farm’s own hatchery. Many freshwater prawn 
grow-out farms in Thailand now rear their own PL on in¬ 
land sites, and often exhibit further vertical integration by 
making their own aquafeeds (M. New, pers. comm. 2008). 

20.3.3.2 Comparative cost analysis 

The adjusted aggregate investment costs in Year 2000 dol¬ 
lars of grow-out facilities, as in the case of hatcheries, gen¬ 
erally increases with annual output capacity (Table 20.4), 
but unlike hatcheries, investment per ha did not display 
any apparent trends such as a decline in investment per 
ha (e.g. apparent economies of scale). Excluding US facil¬ 
ities, investment costs per ha averaged about US$ 7850/ha 
and ranged from US$431/ha in India to US$ 18460/ha in 
Thailand. In contrast, the average investment cost per ha 
for US facilities (US$ 38 780/ha) was about 5 times the av¬ 
erage for other countries. The higher initial cost of US 
facilities is probably due to more complex design (Shang 
1982) as well as higher construction labour wages, com¬ 
pared to other countries such as Thailand. Within the USA, 
the cost of pond construction in Hawaii was higher than 
the cost in continental USA (Table 20.4) because pond 
construction cost, which is mainly influenced by the con¬ 
tractual costs for earthmoving, was substantially higher in 
Hawaii. 

Total annual operating costs ranged from US$ 2.32/kg/yr 
for government grow-out demonstration ponds in Pakistan 
to a high of US$ 18.74/kg/yr for a small, commercial 0.4 ha 
facility in Hawaii (Table 20.5). Input factors influencing 
this increase include the feeding and stocking protocols 
needed for higher yields. Overall, seed and feed cost av¬ 
eraged 20 and 29%, respectively, (49% combined) of total 
annual operating costs. Grow-out operations with labour 
costs comprising more than 11% of total operating costs 
had total operating costs averaging about US$ 11.00/kg/yr, 
while those with labour percentages under 11% averaged 
approximately US$ 4.00/kg/yr (Table 20.5). Except for Tai¬ 
wan, the grow-out operations with labour percentages less 
than 12% were in Asia. Lower wage rates in these countries 
compared to Taiwan and the Americas could have con¬ 
tributed to the lower total operating costs. It is also possible 
that labour costs were underestimated for prawn farming 
operations in Asia involving small family enterprises (Lee 
&Wickins 1992). 

A comparison of operating cost percentages of intensive 
freshwater prawn and marine shrimp farming (Figs 20.4 
and 20.5) indicates that the labour cost percentage for a 



464 


Freshwater Prawns 


LABOUR 



FEED 

41% 


Fig. 20.4 Operating cost percentages for a 2 ha fresh¬ 
water prawn farm in Taiwan. (Adapted from Lo & Ffwang 
1994.) 


Taiwanese prawn farm was about fives times the labour cost 
percentage for a Thai marine shrimp farm. This would seem 
to support the view that labour costs are proportionately 
lower in Thailand for prawn farming compared to prawn 
or marine shrimp farming in the USA and Taiwan. For 
example, Rhodes et al. (1995) estimated that labour costs 
would represent 19% of total costs for an intensive marine 
shrimp farm in South Carolina, USA. The feed cost percent¬ 
age (Fig. 20.5) for an intensive marine shrimp in Thailand 
(45%) was about the same as the freshwater prawn feed 
cost percentage (Fig. 20.4) in Taiwan (41%). These high 
percentages for feed costs only emphasised the need for 
cost-effective feeding protocols. Seed (PL) cost percentages 
for prawn farming in Taiwan (9%) (Fig. 20.4) were just 5 
percentage points lower than the seed cost percentage for 
a Thai marine shrimp farm (Fig. 20.5). For both species, 
the major cost components of operating a farm are feed 
and seed, which account for 50% or more of operating 
expenditures. 


LABOUR 

4% 



14 % 


Fig. 20.5 Operating cost percentages for an intensive 
marine shrimp farm in Thailand. (Reproduced from 
Shang et al. 1998, copyright 1998 with permission of 
Elsevier.) 


20.4 Polyculture and integration 

The economics of polyculture, the concurrent cultivation 
of different aquatic species, have been reviewed by others 
(Shang 1990; Jolly & Clonts 1993) and draw upon theory 
related to production economics of two or more prod¬ 
ucts by the same facility or plant, a multi-product firm 
(Mansfield 1991). Polyculture species groups can be gen¬ 
erally categorised into the following three groups relevant 
to prawn polyculture: supplementary, complementary and 
competitive. Supplementary species would have no positive 
or negative effect on each other. In contrast, complemen¬ 
tary species would enhance the production of each other. 
Competitive species, as the name implies, are polyculture 
species that compete for the same resources in the system, 
such as food, and therefore reduce the output (e.g. size, 
yield, etc.) of the other species present. Researchers and 
commercial aquaculturists usually attempt to select poly¬ 
culture groups that may have a complementary interaction 
(Jolly & Clonts 1993). It is also possible that species that 
are complementary at a certain density may become com¬ 
petitive at higher densities. Even for rice-fish farming, high 
rice seeding rates can have a negative effect on fish yields 
(Rothuis et al. 1999). Rouse et al. (1987) noted that tilapia 
fry could reduce prawn survival in a prawn-tilapia polycul¬ 
ture system. Apparently the tilapia fry feed on PL prawns, 
even though adult tilapia do not normally feed on small 
invertebrates. Mechanisms for interactions between prawn 
and other species are discussed in Chapter 11. 

If complementary species can be identified and com¬ 
mercially cultured with prawns, polyculture net revenues 
could be higher than a prawn monoculture system. This 
assumes that incremental costs and other factors (e.g. har¬ 
vesting logistics) associated with a polyculture technique 
do not offset the overall increase in gross revenues gener¬ 
ated by the polyculture species. Sometimes the interest in 
polyculture techniques arises after a monoculture system 
has been constructed, and therefore polyculture is viewed 
as a strategy to ‘squeeze’ more profits out of an existing 
fixed investment. Other commercial reasons proposed by 
researchers for developing prawn polyculture include the 
following: 

(1) reducing marketing risks by diversifying products 
(Meriwether et al. 1984; Hsieh et al. 1989); 

(2) reducing the risk of major crop losses due to algal 
blooms by improving ecological stability (Cohen et al. 
1983); and 

(3) reducing overall operating costs by using manure in¬ 
stead of more expensive supplemental feeds (Malecha 
et al. 1981). 

Applied research on prawn polyculture grow-out tech¬ 
niques in temperate climates has also been rationalised 
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based upon the limitations of increasing annual yields in 
a prawn monoculture system due to grow-out seasons of 
seven months or less and the HIG that occurs at high prawn 
stocking densities because of a single batch harvest in tem¬ 
perate climates (Wohlfarth etal. 1985). 

Due to the commercial success of commercial catfish ( Ic- 
talurus punctatus ) farming in the USA, researchers in the 
southeastern USA have been interested in prawn polycul¬ 
ture involving the channel catfish culture systems, usually 
earthen ponds. Huner et al. (1980) concluded that cultiva¬ 
tion of catfish fingerlings and prawns may be biologically 
feasible, but additional experimentation would be needed 
to determine if it was commercially feasible. The need to 
harvest prawns before the onset of colder autumn months 
and the usual catfish industry practice of seine harvesting 
without draining the entire pond, are a major hindrance to 
the development of prawn-catfish polyculture in the USA 
(Avault 1996). Cange etal. (1983) reported a demonstration 
of culturing food-size catfish with prawns and rice/crawfish 
(Procambarus clarkii) rotation. Based upon the projections 
of the experimental results, gross revenues were estimated 
to be US$ 4615/ha, with a net profit of US$ 1092/ha and 
28% of revenues being derived from crawfish. Tilapia were 
also explored as a potential fish candidate of prawn poly¬ 
culture in the USA. Experimentation in central Texas indi¬ 
cated that prawn-tilapia ( Oreochromis aureus ) polyculture 
had the potential of incrementally increasing gross profits 
by about US$ 1010/ha, even though prawn yields would be 
significantly decreased (Rouse & Stickney 1982). 

Since selective seine harvesting of prawns is often prac¬ 
tised in tropical areas, which may make conventional 
polyculture that includes prawns difficult to manage, cage 
culture of tilapia has been considered as a possible prawn 
polyculture technique. Meriwether et al. (1984) experi¬ 
mented with the cage culture of red tilapia in prawn and 
marine shrimp ponds in Hawaii. Based upon a partial bud¬ 
get analysis, cage culture could incrementally increase gross 
annual profits by about US$ 2510/ha in prawn ponds and 
by US$ 5600/ha in brackishwater ponds used for marine 
shrimp. Projected gross profits from caged tilapia in the 
brackishwater ponds were higher than caged tilapia in fresh¬ 
water ponds, because overall tilapia growth was higher in 
brackishwater. 

Fitzgerald (1988) analysed the comparative financial per¬ 
formance of a freshwater prawn polyculture farm involv¬ 
ing three species of Chinese carps ( Hypophthalmichthys 
molitrix, Aristichthys nobilis and Ctenopharyngodon idella) 
with other polyculture and monoculture farms in Guam. 
Monoculture of the Asian catfish, Clarias batrachus, had the 
highest IRR, 62%, and NPV, US$ 198 154/ha, compared to 
the freshwater prawn polyculture farm, a tilapia polyculture 
farm with catfish, a tilapia monoculture farm, and a milkfish 
monoculture farm. The freshwater prawn polyculture farm 


did have the second highest IRR, 38%, and moderate risk 
based upon the breakeven point as a per cent of actual pro¬ 
duction. Although freshwater prawn polyculture weighted 
market (output) price per kilogramme (US$ 15.44/kg) was 
3.5 times greater than the market value for catfish monocul¬ 
ture, the net profit per ha of the catfish farm (US$ 40 786) 
was greater than the freshwater prawn polyculture farm by a 
factor of 3.7. The higher yield of the catfish farm, 26 904/ha, 
compared to only 2690/ha (71% prawns) for the freshwater 
prawn polyculture farm, was obviously a major factor in 
offsetting the lower market value of the catfish. 

Engle (1987) projected that freshwater prawn polyculture 
with fish species in Panama would be more profitable than 
monoculture of freshwater prawns. Prawn polyculture with 
tilapia ( Oreochromis niloticus ) and grass carp ( Ctenopharyn¬ 
godon idella ) or colossoma ( Colossoma macropomum) and 
carp had a projected 20 year IRR of 17 and 13%, respec¬ 
tively, while prawn monoculture had a 10% IRR. As in 
Guam (Fitzgerald 1988), the monoculture of tilapia, 9% 
IRR, was projected to be less profitable than prawn poly¬ 
culture, despite the higher tilapia yields per ha compared to 
freshwater prawn polyculture or monoculture. 

Uddin et al. (2007) experimented in Bangladesh with 
the polyculture of Nile tilapia ( Oreochromis niloticus) and 
prawns using bamboo as substrate for a periphyton-based 
system. When comparing stock densities fixed at a 3:1 
tilapiaiprawn ratio, maximum net profits, US$ 116/ha af¬ 
ter 105 days (+3 months), were achieved in the experi¬ 
mental ponds using a stocking density of 30 000/ha. This 
occurred generally because the desired harvestable produc¬ 
tivity of the cultivation technique displayed diminishing re¬ 
turns. Combined average net yields (2372 kg/ha) peakedata 
medium stocking density, 30 000/ha, and decline slightly to 
2303 kg/ha at the higher stocking density, 40 000/ha. Con¬ 
sequently, increasing variable costs, especially fish feed ex¬ 
penses, associated with the inputs to support the highest 
stocking density reduced the net profit margin. 

Freshwater prawn farming in Bangladesh has grown 
rapidly during the past ten years, partly driven by the escala¬ 
tion in international market demand (Ahmed etal. 2008b). 
It is estimated that there are at least 50000 ha of prawn culti¬ 
vation area in Bangladesh with much of the expansion in the 
Mymensingh district, the north-central part of the coun¬ 
try. Given this rapid growth, a comprehensive economic 
study of new freshwater prawn farming in the Mymensingh 
district involving prawn-fish polyculture was implemented 
in 2004, involving focus groups and in-person structured 
interviews (Ahmed etal. 2008a). Survey protocols included 
random stratified sampling of prawn farmers divided into 
those using two different cultivation system, i.e. ‘extensive’ 
versus, ‘semi-intensive’. Mean pond sizes used by respond¬ 
ing farmers were 0.22 ha, with the average size of farms 
varying from 0.27 ha for semi-intensive farms to 0.16 ha 
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for extensive farms. Production system characteristics of 
extensive and semi-intensive farms included average stock¬ 
ing rates of about 15 800 and 23 200 PL/ha/yr, respectively. 
Prawn outputs (yields) for surveyed farms averaged ap¬ 
proximately 290 and 480 kg/ha/yr, respectively, for extensive 
and semi-intensive farms. Yields from stocked carp species 
(e.g. Catla catla, Hypophthalmichthys molitrix , etc.) aver¬ 
aged about 970 and 1520 kg/ha/yr, respectively, for extensive 
and semi-intensive farms. Gross revenue for sampled farms 
ranged from about US$ 2700/ha/yr for semi-intensive farms 
to about US$ 1680/ha/yr for extensive farms. Although the 
higher priced prawns (US$ 2.99/kg) were the major tar¬ 
get species, fish with average market price of US$ 0.89/kg 
still constituted approximately 47% of gross revenues re¬ 
gardless of the farm system. Average variable costs varied 
from US$ 836/ha in extensive farms to US$ 1559 in semi- 
intensive farms, with ‘seed and feed’ cost comprising 60% 
or more of variable costs in both systems. Mean annual net 
returns, which included revenues derived from stocked carp 
species, were US$ 1140/ha/yr in semi-intensive farms and 
US$ 609/ha/yr for extensive farms. Based upon a determin¬ 
istic Cobb-Douglas (C-D) production function analysis of 
the collected data, Ahmed etal. (2008a) concluded that both 
cultivation systems demonstrated increasing return to scale 
for most major inputs (e.g. feed, labour, etc.). For example, 
it was estimated using the C-D analyses that if all production 
inputs in the extensive farm system were increased by 1%, 
production (output) would increase by 1.43%. According 
to Ahmed et al. (2008b), their analyses demonstrated that 
Mymensingh extensive prawn-fish farming was ‘relatively 
sound from an economic perspective.’ Accordingly, one of 
their policy recommendations included improving access 
to credit (e.g. interest-free loans), because the availability 
of operating capital was identified as one of the major con¬ 
straints for resource-poor farmers. 

A comprehensive economic case study of milkfish 
(Chanos chanos), prawn farmers in the Philippine provi¬ 
dence of Bulacan, was reported by Rola (2007). The farms 
were categorised into three groups based upon observed 
feeding practices: intensive, semi-intensive and ‘traditional’. 
Intensive farms characteristically used manufactured feeds 
whereas traditional farms depended largely on ‘locally avail¬ 
able feed ingredients’ and/or simple feeds with ingredients 
available on their farm. Feeding practices on semi-intensive 
farms involved various combinations of local feed ingredi¬ 
ents and manufactured pellet feeds. Milkfish-prawn culti¬ 
vation was practised by 85%, 80% and 55%, respectively, 
of the intensive, semi-intensive and traditional farmers. 
Prawn stocking rates averaged about 27 000 juveniles/ha/yr 
and varied minimally among the 3 farms groups. In con¬ 
trast, milkfish stocking rates averaged about 5000/ha/yr, 
but ranged from 7826/ha/yr for intensive farms to a low 
of 2923/ha/yr for traditional farms. Although the average 


milkfish yield for all farm groups was about 1700 kg/ha/yr 
compared to only 190 kg/ha/yr for prawns, the higher priced 
prawns (US$ 7.28/kg) comprised approximately 50% of to¬ 
tal gross revenues (US$ 2820/ha/yr). When considering the 
costs of cultivating milkfish versus prawns, the estimated 
breakeven price for prawns, US$ 2.36/kg, was over 300% 
lower than the current market price and the estimated milk¬ 
fish breakeven price, US$ 0.64/kg, was about 145% lower 
than the prevailing market price, US$ 0.93/kg. Moreover, 
regression analysis results by Rola (2007) indicated that the 
net profitability of these milkfish-prawn farms could be 
improved with higher prawn stocking rates. 

As a component of agriculture diversification, integrated 
aquaculture can be generally defined as a form of integrating 
agriculture because it focuses on creating linkages between 
farming sub-systems (Prein 2002). These linkages have the 
potential of fostering synergisms ‘which may otherwise have 
been wasted becomes an input to another sub-system re¬ 
sulting in a greater efficiency of output of desired products’ 
(Edwards 1998). The practical application of this concept in 
Chinese rice-fish culture dates back to at least the 2nd cen¬ 
tury (Li 1988). The apparently beneficial technical syner¬ 
gisms of integrating, including rotational systems, prawn- 
fish culture are discussed in Chapter 11. Rice cultivation 
efficiencies when integrated with prawn culturing might 
also be improved, such as reducing the costs of chemical 
fertilisers needed for rice production (Barmon etal. 2006). 
However, at the farm level, these synergisms must still trans¬ 
late to technology that is technically feasible and generates 
private net (positive) benefits. Socio-economic case studies 
in Asia and experimental research on rice-prawn cultiva¬ 
tion indicates that integrated (concurrent) and rotational 
systems can be profitable due to cost reductions, increased 
net revenues at the farm level and/or other beneficial eco¬ 
nomic effects at the farm level. 

The integration of prawn and rice culture or rice-prawn 
farming has become a common practice in the Mekong 
river delta ofVietnam (Hien etal. 1998) and is described in 
Chapter 11. Hung (1992) reported that rice-prawn farm¬ 
ers may average net revenues of about US$ 710/ha per crop 
of rice and prawns if they have prawn yields ranging be¬ 
tween 100 and 300 kg/ha/crop. The contribution of prawn 
sales to net revenues of rice-prawn farming can be substan¬ 
tial. If prawn seed and feed costs are deducted from prawn 
sales, prawns still may incrementally increase net revenues 
per crop by about 80% compared to farming rice without 
prawns. Although extensive rice-prawn farming has the 
potential of increasing income levels of Vietnamese farm¬ 
ers, limited supplies of wild prawn seed or viable hatchery 
seed is apparently constraining further expansion of the 
industry (Hien et al. 1998). In a study of 42 rice-based 
farms in Vietnam, into which M. rosenbergii had been in¬ 
troduced, Nguyen et al. (1993) showed that a 72% increase 
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in net farm income was produced with very little increase 
in labour. While rice contributed 42% to net farm income 
and prawns 32%, prawn production comprised 43% of the 
cash income, compared to only 20% from rice. This was 
because prawns were sold as a high-value cash crop, while 
rice was destined for domestic markets. Rice-prawn culture 
development in Vietnam has also been shaped by govern¬ 
ment policies encouraging farmers using monoculture rice 
farming techniques to diversify their enterprises by con¬ 
sidering integrated (concurrent) and rotational rice-prawn 
cultivation techniques (Lan et al. 2006). To better under¬ 
stand the technical and economic characteristics of inte¬ 
grated and rotational rice-prawn cultivation approaches, 
various surveys of farmers using rice-prawn systems in 
the Mekong River Delta region of Vietnam were con¬ 
ducted in the early 2000s. Rotational rice-prawn systems 
are more commonly used for farms located in provinces 
subject to seasonal flooding, while integrated techniques 
were more appropriate for non-flooding areas. Phuong 
et al. (2003) summarised results of these surveys for farm¬ 
ers employing the three different systems of rice-prawn 
cultivation: 

• An integrated (concurrent) system involving 0.1-0.7 ha 
farms producing 2 rice crops and 1 prawn crop per year 
with prawn trenches surrounding the rice paddy, stocking 
densities averaging 3.2 PL/m 2 , releasing juvenile prawns 
in the trenches into adjacent rice paddies after 3-4 week 
and supplementary feeding (2-10%). 

• Rotational system (RSI) involving 0.5-1.0 ha farms pro¬ 
ducing 1 rice crop (December-April) and 1 prawn crop 
(April-December) with net fences on dykes, direct stock¬ 
ing densities using hatchery PL varying from 3-12 PL/m 2 
and supplementary feeding (10-30%). 

• Rotational system (RS2) involving 0.13-1.25 ha farms 
producing 2 rice crops (December-next June) and 1 
prawn crop (April-December) with net fences on farm 
dykes, stocking densities mainly (75%) using wild ‘seed’ 
(5-20 g animals) and supplementary feeding (5-30%). 

Large animals were used in stocking RS2 farms because 
prawn grow-out time, about 5-6 months, was shorter com¬ 
pared to the other systems (Phuong et al. 2003). Mean net 
income for the three farm types was directly related to initial 
stocking densities and the resulting prawn yields (kg/ha). 
Mean net income (mean yields) were about US$ 180/ha 
(148kg/ha), 1400/ha (924kg/ha) and 1190/ha (358kg/ha) 
for the integrated RSI and RS2, respectively. Approximately 
29% of the integrated farms reported losses from their 
prawn cultivation and about 12% of the RSI farms also 
had losses associated with their prawn culture. Zero eco¬ 
nomic losses were observed for RS2 farms sampled. Conse¬ 
quently, it appears that the prawn production and/or mar¬ 


keting approaches used by RS1 farmers might be more risky 
compared to those associated with the RS2 farms. These au¬ 
thors concluded that the two rotational systems surveyed 
had advantages compared to integrated system farms, be¬ 
cause of their ‘high economic returns and suitability to rice 
paddy ecology’. In contrast, it was acknowledged that ro¬ 
tational systems might not be appropriate for small-scale 
resource-poor farmers due to increased investment needs 
and cultivation complexities compared to traditional inte¬ 
grated rice-prawn farming. 

Lan et al. (2006) reported on experimental research re¬ 
sults in Vietnam from stocking PL at different densities in 
integrated (concurrent) and rotational rice-prawn systems, 
including estimated economic returns. It was found that 
net profits from prawn production in the rotational sys¬ 
tems in general were significantly higher than integrated 
system net profits. Using stocking densities of 2, 4 and 
6 PL 2 5 /m 2 , the highest estimated net profits within each sys¬ 
tem, US$ 50/ha and 591/ha, were generated by integrated 
and rotational systems stocking 2 PL/m 2 , respectively, and 
the net profits of this most profitable rotational system was 
significantly higher (P < 0.05) than the most profitable in¬ 
tegrated system. The higher estimated profitability of the 
lowest stocking densities in both systems was apparently 
due to greater mean weight and the related higher per¬ 
centage of marketable harvest. These authors also found 
that the prawn subsystem, when stocked at 2 PL/m 2 in the 
integrated system, constituted nearly 40% of the total net 
profits generated by the whole rice-prawn system. Similar 
to Phuong et al. (2003), Lan et al. (2006) concluded that 
rotational systems were appropriate for farmers capable of 
making a greater investment. Integrated systems were suit¬ 
able for resource-poor farmers, especially if these farmers 
can use homemade feeds. 

A type of rotational system of rice-fish/prawn or ‘ gher ’ 
farming is practised in Bangladesh. Ahmed et al. (2008b) 
generally categorise gher farming as a form of integrated 
agriculture-aquaculture system, because it focused on one 
plot of land. Gher systems derive revenue from fish, rice and 
prawns, with annual gross revenue derived from prawns 
representing about 69% of total revenues (Ahmed 2003). 
Muir (2003) reported that the average annual net return was 
US$ 1430/ha. For less intense systems in Noakhali, a district 
in southeast Bangladesh, net returns averaged US$ 650/ha 
(GNAEP 2006). Experimental research results on the con¬ 
current stocking of prawns and mola (Amblypharyngodon 
mold) suggest that it might be a profitable prawn-fish ap¬ 
proach for gher type farming (Kunda et al. 2008). After 4 
months of prawn grow-out with mola, the maximum net 
profit, about US$ 1380/ha, was achieved using a ‘medium’ 
prawn stocking density of 20 000 PL/ha compared to the 
highest density of 25 000 PL/ha. This apparent net profit 
‘plateau’ was also reported for other experimental research 
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in Bangladesh using Nile tilapia-prawn (Uddin et al. 2007) 
and carp-prawn (Hossain & Islam 2006) polyculture. 

A rotational type of rice/prawn-fish cultivation is also 
practised in the Ko/elands of Kerala, the southernmost state 
of India (Salin et al. 2008; New et al. 2008). This extensive 
polyculture of prawn and fishes, mainly carps (grass carp, 
silver carp, catla, rohu, common carp and koi carp), is con¬ 
ducted in idle paddy fields (20-400 ha water-logged areas 
protected by dykes) in Kole lands starting in March, with 
harvesting in October or November of the same year. Ju¬ 
venile prawn stocking densities in the flooded paddy fields 
range from 5000 to 12 000/ha, while carp fingerling stocking 
densities vary from 1000 to 2500/ha. At the end of the grow- 
out cycle, when fish have grown to 1.5 kg (125-200 kg/ha) 
and prawns to 20 to 150 g (150-250 kg/ha), the fields are 
harvested using various nets (e.g. gill nets) during and af¬ 
ter draining. Salin et al. (2008) estimated that the gross 
revenues and total operating costs associated with typical 
prawn-fish cultivation using 75 ha paddy field would be 
about US$ 1060/ha and US$450, respectively, and gener¬ 
ate net revenues of approximately US$ 610/ha. Prawn and 
fish would represent approximately 72 and 23% of gross 
revenues. 

In summary, a significant amount of applied research has 
been done on potential commercial techniques of culturing 
freshwater prawns in conjunction with other species, espe¬ 
cially fish. While Lee & Wickins (1992) stated that commer¬ 
cial polyculture involving prawns had generally not been 
very successful, these authors were less pessimistic by the 
time the second edition of their book (Wickins & Lee 2002) 
was published, commenting that ‘ Macrobrachium rosen- 
bergii has repeatedly shown potential in mixed species cul¬ 
tures both as the main crop or as a valuable secondary 
crop in fish ponds’. The polyculture of both M. rosenbergii 
and M. nipponense is common in China (Chapters 17 & 
21), sometimes as a primary crop and sometimes as a sec¬ 
ondary crop to fish culture. Furthermore, freshwater prawn 
polyculture and integrated culture are commonly prac¬ 
tised in Bangladesh, India, Vietnam and other countries 
(Chapters 11 and 17). 


20.5 Economic modelling of commercial 
prawn farming 

The economic analysis of freshwater prawn farming re¬ 
viewed in previous sections has generally been based upon 
simple costs and returns budget models of hypothetical 
(synthetic) farms or averages from economic surveys of 
prawn producers. In most cases, these budget models are 
based upon accepted production norms (e.g. average grow- 
out survival rates and harvest sizes, etc.), and critical inputs 
such as feed, seed and labour are assumed to be applied in 


fixed proportions based upon industry norms (Leung et al. 
1984). These budget models, whether based upon hypothet¬ 
ical farms or industry surveys, can be useful in the overall 
economic feasibility of prawn farming or in documenting 
industry trends, but they have limited utility for providing 
individual farm managers with quantitative tools to im¬ 
prove profits and reduce risk. In contrast, bio-economic 
models have the potential of providing the farm manager 
with operational and design insight. Bio-economic models 
can also be employed to aid policy-makers in delineating 
optimal management strategies and system designs, as well 
as assisting in the identification of critical factors for fu¬ 
ture research. Moreover, in some situations, it may be more 
cost-effective to conduct research via a model of a complex 
aquacultural system than to implement costly field experi¬ 
ments. 

Publications that provide a good review of aquaculture 
modelling include Allen et al. (1984) and Cuenco (1989). 
Leung (1994) provided a classification and review of bio- 
economic modelling research from 1984 to 1993 related to 
aquaculture enterprises including freshwater prawn farm¬ 
ing. This author defined bio-economic models as a math¬ 
ematical description of an aquaculture enterprise, which 
relates physical, biological and economic variables into 
a systematic and holistic analysis. The advancement and 
adoption of relatively inexpensive computer technology, 
especially microcomputers, obviously facilitated the appli¬ 
cation of bio-economic modelling of aquaculture enter¬ 
prises as a tool for economic research (Shang 1990) during 
the last two decades of the 20th century. 

20.5.1 Bio-economic models 

Using weekly experimental data from Polovina & Brown 
(1978), Azizan (1983) developed a bio-economic simu¬ 
lation model for determining the optimal (i.e. net profit 
maximisation) batch harvest period for prawns, by assum¬ 
ing that variables other than time and stocking density did 
not affect growth. Leung & Shang (1989) used Hawaiian 
commercial prawn farming data and dynamic program¬ 
ming techniques to estimate optimal stocking and harvest¬ 
ing strategies. For Bangladesh, Bala & Satter (1989) de¬ 
termined optimal management and operation techniques 
using both experimental and commercial farming data plus 
linear programming and system dynamics. 

Leung et al. (1993) compared the bio-economic mod¬ 
elling of experimental, intensive penaeid shrimp farming 
techniques (Wyban et al. 1988) with a model of freshwa¬ 
ter prawn farming in Hawaii. Their prawn bio-economic 
model was based upon Leung & Shang (1989) and the ma¬ 
rine shrimp model was derived from Hochman etal. (1990). 
Both models used stochastic dynamic programming and 
employed various decision rules with the overall objective 
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of improving management efficiencies under uncertainty. 
Although the models had differences due to data require¬ 
ments, risk sources and final solution algorithms, the major 
difference was the growth characteristics of cultured marine 
shrimp and prawns. Since cultured marine shrimp gener¬ 
ally grow uniformly and are usually batch harvested, shrimp 
populations in the ponds were modelled as a growing in¬ 
ventory. In contrast, cultured prawn growth due to HIG is 
non-uniform and harvesting is often selective (continuous) 
(Leung etal. 1993). Their prawn model treated the predic¬ 
tion of size distribution and biomass of the pond population 
as an uncertainty once the pond was stocked, while their 
marine shrimp model focused on the uncertainty associated 
with random growth rates and prices. 

20.5.2 Risk modelling 

Risk can be simply defined as the possibility of some un¬ 
favourable occurrence. For commercial aquaculture, like 
other primary food producing enterprises, there are gener¬ 
ally five main sources of risk (Harwood et al. 1999): 

(1) Production risk: events that directly affect production 
quality and quantity such as disease and weather; 

(2) Price risk: uncertainty in the market for your product 
(e.g. live prawns prices), such as prices foryour product 
and/or inputs (e.g. feed prices); 

(3) Financial risk: method in which capital (e.g. operating 
capital) is obtained and structured (e.g. loan terms), 
as well as the ability of the enterprise to meet financial 
obligations; 

(4) Institutional risk: changes in governmental and/or legal 
policies (e.g. environmental regulations) and standards 
that affect aquaculture; 

(5) Personal risk: for small enterprises, the loss or prolonged 
absence of critical persons, such as the proprietor(s) 
due to injury, death or other events. 

Aquaculture enterprises obviously face significant risks 
unless they adopt risk management strategies (Secretan 
1988). Management strategies to address these risks, es¬ 
pecially production risks, include various types of insur¬ 
ance instruments or policies. An FAO survey (van Anrooy 
et al. 2006) found that aquaculture insurance companies 
are insuring or will consider production insurance for vari¬ 
ous grow-out systems involving ponds (intensive and semi- 
intensive) and raceways, as well as offshore cage culture sys¬ 
tems. However, insurers were less likely to consider extensive 
or ‘improved’ extensive systems. Hatchery and nursery pro¬ 
duction is only insured on a very limited basis. Moreover, 
few insurance companies were interested in considering 
shrimp hatchery production insurance. 


Other management strategies to address production risk 
include careful initial design of the facility, for example the 
size of the individual ponds. Using historical commercial 
prawn production data. Samples & Leung (1985) gener¬ 
ated a stochastic model to determine if yield variability, 
a production risk, was also a source of financial risk for 
prawn producers in Hawaii. Based upon a wholesale price 
of US$ 11.00/kg, their model predicted that there was a 50% 
probability that a typical 8 ha Hawaiian prawn farm with 
0.8 ha ponds could incur a financial loss in any given year. 
In addition, this probability would decline to 30% if ponds 
smaller than 0.4 ha were employed. Griffin et al. (1993) 
found that initial construction cost per ha for a 40 ha ma¬ 
rine shrimp farm in the USA declined substantially, while 
projected IRR of the farm increased if the number of ponds 
was decreased and the size of each pond was increased. 
Although it may be desirable to reduce initial investment 
costs by building several ‘large’ ponds versus many ‘small’ 
ponds, the model of Samples & Leung (1985) also suggests 
that there could be an optimal pond size for managing 
commercial prawn grow-out culture relative to reducing 
yield variability risks. Perhaps the observation of New & 
Singholka (1985), that most prawn farming ponds are in 
the 0.2 to 0.6 ha range, may also reflect industry experience 
with reducing yield variability, not just harvesting consid¬ 
erations, and land availability. 

Dasgupta & Tidwell (2003) included risk analyses of the 
prawn production in Kentucky. Their analyses showed that 
the intensive stocking technology was stochastically domi¬ 
nant over less-intensive stocking practices. With the caveat 
that the total output production could be sold, intensive 
stocking resulted in a higher probability of a profit over the 
less-intensive stocking practices. 
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Culture of the Oriental River Prawn 
Macrobrachium nipponense 

Methil Narayanan Kutty and Miao Weimin 


Farming of the oriental river prawn, Macrobrachium nippo¬ 
nense (de Haan, 1849), was described briefly a decade ago 
(Kutty et al. 2000). Since then the aquaculture of this species 
has become a major activity in China and a considerable 
body of information, especially on seed production and 
farming, has become available for review. Holthuis (1980) 
noted that M. nipponense (Fig. 21.1) was common in the 
fisheries of China, and was exported from Hong Kong to all 
over the world. According to this author, fisheries for this 
species also existed in Vietnam and Japan. While the natural 
distribution of M. nipponense is limited to China, Japan, 
Korea, Vietnam, Myanmar and Taiwan (Holthuis 1980; 
Cai & Ng 2002; Shy et al. 1987; Kim et al. 2002; Nguyen 
et al. 2003; De Grave & Ghane 2006) the species is said to 
have been introduced into Singapore and the Philippines, 
Uzbekistan and Iraq (Salman et al. 2006). These introduc¬ 
tions may possibly have been made unintentionally during 
finfish transfer from China for stocking, as suggested by the 
occurrence of M. nipponense in Bangladesh (Ahmed et al. 
2008). Cultivation has been reported in the cooling tow¬ 
ers of several thermal power stations in Russia, Moldova 
and Belorus (Alekhnovich & Kulesh 2001); the production, 
if any, is apparently negligible because FAO does not re¬ 
port any production of this species for these countries. De 
Grave 8t Ghane (2006) report that a well established pop¬ 
ulation exists in Anzalli Lagoon (Iran) along the southern 
shores of the Caspian Sea. These authors postulate that 
the species is already widespread but as yet unrecorded in 
several countries to the east and south of the Caspian Sea. 

In China, where M. nipponense is naturally distributed in 
freshwater lakes, rivers and reservoirs, the species is some¬ 
times termed M. japonica but this is misleading; M. nippo¬ 
nense is a totally different species from M. japonicum , which 
has been reported only in Taiwan, Japan and the Bonin 
Islands and has no known economic importance in capture 
fisheries or aquaculture (L. Holthuis, pers. comm. 1999 to 
Michael New). M. nipponense has also been termed M. nip- 
ponensis (Wang & Qianhong 1999; Miao & Xianping 2002; 


He et al. 2003). In this chapter, the correct scientific name 
M. nipponense, will be used. 

M. nipponense, having a maximum size of 86 mm (male) 
and 75 mm (female) according to Holthuis (1980), is one 
of the few members of the genus Macrobrachium that has 
a temperate distribution (Wong & McAndrew 1994); its 
freshwater and brackishwater habitat was noted by Holthuis 
(1980). Wong 8t McAndrew (1990) showed that a popula¬ 
tion in Hong Kong with optimal salinity for larval survival of 
10 p.p.t. had a high realised heritability for larval freshwater 
tolerance. By selection over three generations, these authors 
produced a strain of M. nipponense that completed its life 
cycle in freshwater, thus showing that adaptation to an en¬ 
tirely freshwater existence could occur relatively rapidly in 
populations isolated by flooding or impoundment. Wang & 
Qianhong (1999) also reported that M. nipponense can re¬ 
produce in natural (inland) waters. Reviewing the environ¬ 
mental requirements of M. nipponense, Salman et al. (2006) 
noted the ubiquitous ability of the prawn to adapt to salinity 
changes. The strain that is cultured in China completes its 
life cycle in freshwater. The prawn can survive winter under 
natural conditions and, with the larvae lacking any special 
requirement of salinity, rearing and breeding this prawn is 
simple compared with M. rosenbergii. These features and 
local consumer preference, in spite of its small size, make 
M. nipponense more popular than M. rosenbergii for cul¬ 
ture in some parts of China, particularly in Jiangsu and 
Zhejiang. 

A noteworthy development has been the emergence of 
M. nipponense as the top farmed freshwater prawn species, 
which has stimulated great interest in the aquaculture of 
this species (Kutty 2005; New 2005; Miao 2005, 2007a,b; 
Kutty et al. 2007; New etal. 2008). By 2007 (FAO 2009), the 
production of M. nipponense was 192 3971, contributing 
over 42% of the global farmed freshwater prawn produc¬ 
tion. The global value of M. nipponense production in that 
year was US$ 698.4 million, 37.5% of the total production 
of all freshwater prawn production (Chapter 1). The 
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Fig. 21.1 M. nipponense (Reproduced with permission 
of Miao Weimin, FAO Regional Office for Asia and the 
Pacific.) 
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Fig. 21.2 Aquaculture production of M. nipponense and 
M. rosenbergii in China in 1996-2005 (Source: FAO; the 
curve connecting triangles indicates M. nipponense pro¬ 
duction based on reports of Bureau of Fisheries, Bei¬ 
jing. Reproduced with permission of Methil Narayanan 
Kutty.) 


average unit value of M. nipponense, however, was less than 
that of M. rosenbergii (Kutty et al. 2007), possibly due to 
the small size and exclusively domestic nature of its market. 
However, in the local Chinese market, this species fetches a 
better price than M. rosenbergii (see section 21.1.4). 

The farming of M. nipponense in the major farming lo¬ 
cation, China, is discussed in section 21.1. Trials on the 
breeding and culture of the prawn in Vietnam have also 
been reported by Nguyen et al. (2003) and are detailed in 
section 21.2. 

21.1 Farming of M. nipponense in China 

21.1.1 Aquaculture production 

Though some research effort towards farming of M. nippo¬ 
nense in China was reported in 1970, commercial produc¬ 
tion began only in 1990. However, FAO did not report any 
farmed production of this species in their annual statistical 
reports until 1999. Rapid expansion of its culture has oc¬ 
curred since the end of the last century. The total culture area 
of M. nipponense exceeded 133 000 ha in Jiangsu province 
alone, the most important area for freshwater prawn culture 
in China in 2001 (Xianping 2002). M. nipponense farming 
accounted for 22.5% of the total inland aquaculture area of 
the province in the same year (Miao 2007a). The total area 
presently under farming in China is not precisely known, 
but as estimated in 2006 it fell within the range of 200 000 
to 250 000 ha. Production data on farmed M. nipponense in 
China, based on publications of Chinese Bureau of Fish¬ 
eries (BoF 2004, 2005, 2006, 2007) and FAO (2009) reports 
are presented in Figure 21.2. Farmed production was esti¬ 


mated by BoF to have doubled from about 50 0001 in 1999 
to 2000/01, and reached 150 0001 in 2002. The peak pro¬ 
duction of 213 0781 occurred in 2004, without any further 
increase since then. More recently, revised estimates for the 
period 1997 to 2006 and a census figure for 2007 became 
available (FAO 2009). These indicate that production rose 
to 192 3971 by 2007, with a value of US$698.4 million. 

New (2005) suggested that the output of M. rosenbergii 
and M. nipponense in China in 2010 might be double the 
amount for 2001, approaching a total annual production 
of 500 0001. By 2007 the combined production of the two 
species had reached 317 000 t/yr and some stagnation in 
M. nipponense output seems to have occurred (Fig. 21.2). 
However, as indicated by Miao (2005, 2007a), the produc¬ 
tion of M. nipponense is likely to increase to meet domes¬ 
tic consumption needs, subject to intensified development 
efforts, so it is possible that the production levels pre¬ 
dicted by New (2005) may be realised rather later than 
2010. 


21.1.2 Seed production 
21.1.2.1 Broodstock sourcing 

Berried (egg bearing) female prawns are collected from ei¬ 
ther farm ponds or natural water bodies (mainly lakes). Cul¬ 
tured adult prawns form the major source of broodstock. 
Berried prawns from the wild as broodstock are more de¬ 
sirable because of their benefit in maintaining good genetic 
quality of cultured populations. Mature females of size more 
than 50 mm can be observed in natural waters in China dur¬ 
ing their breeding season from May to July. Fecundity ranges 
from 500 to 5000 eggs/female. Lake Wuhu studies showed 
that the spawning grounds of M. nipponense are situated in 

























Culture of the Oriental River Prawn Macrobrachium nipponense 


477 


the littoral zone of the lake. The principal spawning peri¬ 
ods were from mid-April to mid-July (water temperature at 
20.5-31°C) for over-wintered prawns and from mid-July to 
mid-September (31-23°C) for non-wintered prawns. The 
fecundity of the over-wintered prawns was higher than that 
of the non-wintered (He et al. 2003). Bilateral eyestalk ab¬ 
lation of reproductive prawns stimulated active spermato¬ 
genesis and induced non-reproductive prawns to become 
reproductive. Ablation also appears to induce precocious 
male gonad development by stimulating androgenic gland 
cells (Kim et al. 2002). 

In the context of producing improved strains through 
selective breeding and hybridisation, successful crossing of 
female M. nipponense with male M. hainanense has been 
achieved (Anonymous 2002). The hybrids possessed both 
maternal and paternal genes as confirmed by isozyme anal¬ 
ysis. Of the five single pair crosses, four spawned and three 
hatched hybrids and the other aborted. The hatching rate 
of the hybrids was about 90% and the survival to postlar- 
val stage ranged from 20 to 60%. Genetic deterioration of 
broodstock and progeny has become a serious problem in 
M. nipponense farming in China, but remedial measures are 
being adopted in this context (see section 21.3.1.1) 

21.1.2.2 Broodstock rearing 

Large prawns of both sexes (females >5 cm) that demon¬ 
strate normal growth, good health and are void of any in¬ 
jury are selected as broodstock. The broodstock ponds are 
of 0.07 to 0.2 ha in area, with a water depth of 1 m. Harm¬ 
ful organisms in the pond are eradicated using quicklime 
(1125-2250 kg/ha at a water depth of 10 cm) or organic 
pesticides such as croton seed (75-112.5 kg/ha, ground into 
paste before application at the same depth) some 10 days 
before stocking. Water inflow to the pond is filtered using 
a fine-meshed screen net to prevent wild fish and other 
harmful organisms entering the pond. When the ponds are 
properly prepared, the broodstock prawns (average body 
weight 4-5 g) are stocked at 2 to 4/m 2 . The prawns are fed 
high quality feeds such as earthworms, crushed snails and 
clams, silkworm pupae, fishmeal, soybean cake and peanut 
cake daily at 1 to 3% biomass when the temperature is more 
than 10°C, to ensure healthy growth and promote gonad 
development. The brooders are restocked (same stocking 
density; male to female ratio 1:2-3) in spring in earthen 
ponds (0.1-0.3 ha and 1.5 m depth), with one-quarter of 
the pond area planted with submerged weeds to provide 
shelter for the prawns. The prawns are fed at a rate of 5 to 
6% of their biomass with various feeds. The prawns start to 
spawn naturally in the ponds in May. 

The cost of broodstock is dependent on the season and 
source. Those selected from grow-out ponds cost less, the 
usual price being in the range of US$ 5 to 10/kg. The price of 


the wild broodstock depends on the season. One generally 
ranges from US$ 8 to 15/kg. 

21.1.2.3 Larval development 

Larval development of M. nipponense consists of nine zoeal 
stages, which are fed Artemia nauplii. The duration of larval 
development was 18 to 20 days at a salinity of 8.3 to 9.3 p.p.t. 
at 23 to 26.5°C (Kwon & Uno 1969). Details of the larval 
development of M. nipponense , along with other freshwater 
prawn species, are presented in Chapter 23 (Table 23.2). 
Maclean & Brown (1991) observed that M. nipponense sur¬ 
vival was 20% higher and metamorphosis was faster than 
observed for M. rosenbergii. Almost two larval cycles of 
M. nipponense could be completed within the time required 
for the completion of one cycle with M. rosenbergii. This re¬ 
duced duration is certainly an advantage in providing seed 
to prawn farmers more rapidly. 

Under field conditions, larvae released by brooders feed 
on natural plankton in the fertilised pond water. Wang & 
Qianhong (1999) noted the importance of plankton density 
and water quality during this stage of rearing; fertilisation 
increases the total quantity of available zooplankton, which 
can be enhanced by adding cultured rotifers. In addition to 
the live plankton, the larvae are fed with soybean milk (see 
also sections 21.1.2.5 and 21.2.1). 

21.1.2.4 Hatching hapas and ponds 

M. nipponense breeds naturally and larvae are hatched and 
raised in ordinary freshwater earthen ponds; in contrast 
to the practice with M. rosenbergii (Chapter 5), no spe¬ 
cialised hatchery technology is needed for the seed pro¬ 
duction of M. nipponense. The prawns can be stocked in 
either hapas within ponds or in earthen ponds specifi¬ 
cally used for spawning and hatching of eggs. Nursery 
operation is also conducted in the same setup (see sec¬ 
tion 21.1.2.5). When a nursery cage is used, a spawning 
and hatching hapa (1.7 m x 1 m x 0.5 m; 12 meshes/cm 2 ) 
is installed inside the nursery cage (10 m x 6.67 m x 1.7 m; 
196 meshes/cm 2 ); both enclosures are made of polyethy¬ 
lene. The stocking density of berried prawn is 700 to 
1000/cage (824-1176/m 3 ). Egg hatching takes about 20 days 
(from fertilisation to hatching out as zoea) at 25°C. Brood¬ 
stock prawns are subsequently removed from the nursery 
cage, along with the hatching hapa, and the larvae remain 
in the cage for development. Spawning and hatching of 
eggs can also be conducted in the broodstock rearing pond 
(see section 21.1.2.1) itself, which would then serve as both 
a hatching and nursery pond. Pond preparation and fer¬ 
tilisation are also carried out as described for broodstock 
rearing ponds. Ponds or hapas where larval rearing takes 
place contain fertilised water in which natural food organ¬ 
isms grow. 
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21.1.2.5 Nurseries 

Earthen ponds are commonly used for nursery operation. 
Polyethylene cages, as described in section 21.1.2.4, are 
used by some farmers. However, the growth and survival 
of larvae in cages are poor compared to larval rearing in 
earthen ponds. Hence the cages are not so commonly used 
now. In addition to the normal pond preparations (consist¬ 
ing of dyke repairs, bottom levelling and the removal of 
excess silt) unwanted organisms (wild fish, frog eggs, 
tadpoles, leeches, etc.) are eliminated by application of 
croton seed (75-112.5 kg/ha) in 10 cm water depth or tea- 
seed cake (600-750 kg/ha) in 1 m water depth. The stocking 
rate of postlarvae (PL) usually ranges from 600 to 900/m 2 . 
In some specialised prawn nurseries (for commercial pur¬ 
poses), stocking density can reach a level of 1500/m 2 . The 
PL are fed with soybean milk in addition to live food raised 
by fertilisation. After approximately 30 to 40 days, juveniles 
(1.5-2.0 cm) are observed. Most nurseries are operated by 
farmers for their own grow-out use. A few nurseries pro¬ 
duce juveniles from PL purchased from other farmers. The 
price of juveniles is dependent largely on the source of 
broodstock. Juveniles produced from broodstock selected 
from grow-out ponds cost much less, the price range be¬ 
ing US$2 and 4/10 000. The price for juveniles produced 
from broodstock collected from natural waters is US$ 6 to 
8/10 000 . 

21.1.3 Grow-out 

21.1.3.1 Culture systems and practices 

The culture of M. nipponense is generally a scattered and 
small-scale operation. No statistics about the number of the 
farms are available. To arrive at a good estimate is difficult, 
because M. nipponense culture uses many different culture 
systems at various yield levels and scales. A conservative 
estimate of the total number of M. nipponense farms is 
about 100 000 and farm size ranges from 0.4 to 2 ha. The 
usual pond size range is 0.15 to 0.35 ha. 

Both monoculture and polyculture are practised for the 
grow-out of M. nipponense. Common finfish species used 
in polyculture are silver carp (Hypophthalmichthys molitrix ) 
and bighead carp ( Aristichthys nobilis). Although it is known 
that the male prawn grows faster than the female, all-male 
culture, as sometimes used in M. rosenbergii farming (Nair 
et al. 2006), is not practised. Farming in earthen ponds is 
the basic culture system adopted for M. nipponense, as well 
as for the M. rosenbergii and marine shrimp ( Litopenaeus 
vannamei ) cultured in freshwater environments in China. 
For M. nipponense farming, both broodstock and PL can be 
stocked into the grow-out ponds. Previously, single crop¬ 
ping used to be the dominant practice for the culture of 
all species. However, multi-crop (2-4 crops/year) and crop 


rotation in M. nipponense, as for M. rosenbergii, have now 
become more popular in increasing the unit area produc¬ 
tion and prolonging the marketing season, thereby raising 
economic efficiency. 

Culture in paddy fields is another method commonly 
practised with M. nipponense, as with M. rosenbergii (Chap¬ 
ter 17). Usually only one crop of prawns is produced per 
year. At a much reduced stocking rate, 300 to 450 kg/ha of 
prawn can be produced, in addition to the normal rice pro¬ 
duction, through supplementary feeding and good manage¬ 
ment. This very effective approach improves the economic 
return of traditional rice cultivation and has a very sound 
environmental effect, because the use of pesticides and other 
chemicals is reduced. Integration of M. nipponense with rice 
cultivation is done synchronously rather than in rotation. 
Apart from the above-mentioned two culture methods, cage 
culture and indoor running water culture are also practised 
for M. nipponense in some areas of the country, as for M. 
rosenbergii. However, these methods are much less popular 
than pond culture; rice-prawn culture and their contribu¬ 
tion to the total cultured prawn production is very limited. 

Cages used for M. nipponense culture are constructed 
of fine mesh polysynthetic material. Both floating and sta¬ 
tionary cages can be used, depending on water level fluctu¬ 
ation. The dimensions of the cage are 10mx6mx 1.3 m 
or smaller. 

The practices involved in pond culture, the dominant 
culture system, are detailed in the following sections of this 
chapter. 


21.1.3.2 Pond preparation 

Initially, each pond is fully drained and exposed to air for 
some days. The bottom of the pond is then levelled and 
a small trench is dug along the central line of the pond 
with a slope to the outlet side of the pond. A shallow pit is 
dug at the lower end of the central trench. A gentle slope 
is made from the pond dyke to the central trench, to fa¬ 
cilitate the harvesting of prawns. The prepared pond is 
subsequently filled with water to a depth of 5 to 10 cm 
and croton seed or tea-seed cake is then applied. The wa¬ 
ter depth in the pond is then increased to 1 m and rooted 
aquatic plants are planted or various filamentous materi¬ 
als such as fine tree branches and bamboo filaments are 
installed to serve as refuges/nests for the prawns. Rooted 
plants and other nesting materials occupy Vi to Vi of the 
pond area. 

When paddy fields are used for prawn farming peripheral 
and central (crossing) trenches, usually 1 m wide and 0.8 m 
deep, are constructed. The trenches provide additional liv¬ 
ing space and shelter for the prawns when the water level is 
low and also facilitate the harvest of prawns. 
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21.1.3.3 Fertilisation 

Fertilisation in grow-out ponds includes basal manuring at 
the pond preparation stage prior to stocking and additional 
fertilisation during culture. Pig manure is usually applied at 
the rate of 4500 to 6000 kg/ha. Additional manure, such as 
pig manure, chicken manure and cow manure or compost, 
made of green fodder and animal manure, is applied regu¬ 
larly after stocking at a rate of 750 to 1500 kg/ha once every 
15 days. Chemical fertilisers are seldom used in China. The 
total cost of the organic manures that are used has not been 
estimated because they are often produced within the farms 
themselves. No special fertilisation, in addition to the nor¬ 
mal fertilisation for rice, is needed for the prawns cultured 
in paddy fields. 

21.1.3.4 Stocking 

Wild-caught PL or juveniles are seldom used for stocking, 
due to the difficulty of transportation and low survival. 
Nursery-reared juveniles are usually stocked in grow-out 
ponds, although the stocking of berried prawns in grow- 
out ponds is also practised by some farmers. Berried prawns 
are not stocked with the juveniles for the same production 
cycle in the same pond. Adult prawns collected from the 
wild are used to produce seed in grow-out ponds through 
auto-stocking. However, this latter practice is gradually be¬ 
ing abandoned by the farmers, due to the difficulty in con¬ 
trolling the density of prawns in grow-out ponds. 

In monoculture, juveniles, 1.5 to 2 cm in size, are stocked 
at a density of 120 to 225/m 2 . In polyculture with carps, 
the stocking density of juveniles is usually 45 to 75/m 2 ; 
silver carp and bighead fingerlings of approximately 3 cm 
in length are stocked at 105 000 to 120 000/ha. These fish, 
stocked in late May to early June, grow to 12 to 15 cm by the 
end of the year and are stocked as fingerlings for the next 
grow-out year. 

For culture in rice fields, either berried prawns or juve¬ 
niles are stocked. The stocking weight of berried prawns is 
15 kg/ha. When juveniles (1-1.5 cm in size) are stocked, the 
stocking density is 30 to 37.5/m 2 . In cage culture, juveniles 
(1-1.5 cm in size) are stocked at a density of400 to 500/m 2 . 

21.1.3.5 Feeds and feeding methods 

Farm-made feeds are used by some farmers. Such feeds 
are usually made of locally available feedstuffs such as rice 
bran, wheat bran and animal origin food such as freshwater 
snails/clams, silkworm pupae, earthworms, fishmeal and 
fly maggots. Formulated pellet feeds are also commercially 
available and are more commonly used by prawn farmers 
who own larger farms and farm M. nipponense as the major 
species. Some farms use both farm-made feeds and com¬ 


mercial feeds. Commercial feeds are commonly used for 
grow-out, while farm-made feeds are often used for brood- 
stock. The cost of commercial feeds varies with the brand 
and the market price of ingredients; the normal range is 
US$ 350 to 400/t. The cost of farm-made feeds has not been 
estimated. 

The feeds are usually applied twice daily by sprinkling 
over the pond surface and piling close to the pond dyke. 
The experimentally determined rate of digestion of food 
and the diurnal ration of M. nipponense has indicated that 
three peaks of the digestive tract filling index exist, due to 
a high digestion rate (Sal’nikov & Fernando 1996). Confir¬ 
mation of this observation would have important relevance 
to the feeding frequency adjustment. Feeding rate is influ¬ 
enced by water temperature, the quantity being reduced 
at temperatures below 15°C (winter time). The daily feed¬ 
ing rate varies between 2 and 8% BW. The feeding rate of 
farm-made feeds is relatively higher than that of commer¬ 
cial pellet feeds. The FCR is dependent on the types and 
quality of feed, usually ranging between 1 and 2:1. 

Some recent research observations related to the nutri¬ 
tion, growth and survival of M. nipponense may lead to 
improvements in farming this species. As feeds are one of 
the main operational costs in farming prawns, less expen¬ 
sive ingredients could substitute for fishmeal to produce 
cost-effective feeds. Yang et al. (2004) studied the growth 
and immune responses of M. nipponense fed isoenergetic 
and isonitrogenous diets (38% protein) containing differ¬ 
ent levels of replacement of fishmeal by poultry by-product 
meal or meat and bone meal. The study showed that com¬ 
pared to the control diet (white fishmeal as the sole protein 
source), diets containing the new ingredients as 15 or 50% 
replacement of fishmeal did not result in reduced growth 
or immune responses of the prawn. A study of specific 
growth rate of juvenile M. nipponense at different temper¬ 
atures, ranging from 16 to 32°C, showed that the optimal 
temperature for growth was 25°C (Wang et al 2006). 

The effects of dietary vitamin C supplementation and 
ambient ammonia concentration on survival and some 
metabolic functions of M. nipponense were studied by 
Wang et al. (2003, 2005). They found that the 96-h LC 50 of 
ammonia-N was 36.6 mg/L for the prawn at pH 8. Prawns 
exposed to high ambient ammonia-N concentrations (pre- 
lethal) increased oxygen consumption and decreased am¬ 
monia excretion. Na + /K + ATPase activity peaked at ap¬ 
proximately 18 mg ammonia-N/L, and was considerably 
reduced at ambient ammonia levels near the lethal point. 
Prawns fed a vitamin C-supplemented diet showed signif¬ 
icantly lower Na + /K + ATPase activities. In another study, 
Wang et al. (2004) investigated the effects of salinity on 
growth and osmotic adjustments in M. nipponense after ac¬ 
climating it to 0, 7, 14 and 20 p.p.t. for 14 days. Maximum 
weight gain was obtained at a salinity of 14 p.p.t. (close to the 
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isosmotic level of 15p.p.t. 450mOsm). RNA/ DNA ratio, 
total protein-bound amino acid and free amino acid (FAA) 
concentrations in the muscle increased at higher salinities, 
with concomitant changes in haemolymph osmotic con¬ 
centrations. The concentration of FAA in muscle showed 
a positive linear correlation to salinity in the range of 0 to 
20 p.p.t. During salinity adaptation, the FAA pool (mainly 
glycine, alanine and proline) of muscle is directly related 
to osmoregulation, but the percentage change in alanine in 
prawns transferred from freshwater to seawater at 20 p.p.t. 
was the highest (116%). These findings point to the positive 
role of FAA in osmoregulation in M. nipponense, as already 
observed for finfish (Pillay & Kutty 2005). 


21.1.3.6 Health management 

Currently, certain diseases such as gill rot, black spot and 
red body disease are found in M. nipponense culture and 
have caused some losses in production. The red body dis¬ 
ease is mainly caused by physical injury during handling. 
For gill rot, bleaching powder is applied as a treatment. The 
extent of losses due to diseases in M. nipponense grow-out is 
not very significant Polluted environments could seriously 
impact the culture of the prawn (Sunardi et al. 2004; Yao 
etal. 2007). The major health management practice needed 
is maintenance of good water quality, especially high ambi¬ 
ent oxygen levels in the pond water. The dissolved oxygen 
level has to be maintained above 4.5 mg/L. Residues of feeds 
should be removed from the feeding grounds regularly. 
Aquatic weeds planted in the pond not only provide shel¬ 
ter for the prawns but also help in maintaining good water 
quality. Significant losses of prawns can occur due to pre¬ 
dation. Common predators include carnivorous fish, frogs, 
snakes and water rats. To minimise the losses caused by 
predation, water entering the pond should be carefully fil¬ 
tered. In addition, regular netting is periodically conducted 
to eliminate predators within the pond. 


21.1.3.7 Duration of culture 

The grow-out culture of M. nipponense usually commences 
in March and ends in December. Stocking is conducted 
in March (for over-wintered juveniles) and late June/early 
July (for early stage juveniles produced in the same year). 
Prawns below harvest size are restocked at a high density to 
over-winter after total harvesting is completed in Decem¬ 
ber. Although production is year-round, the prawns do not 
grow during December to early March due to the low tem¬ 
perature. Generally two crops, about six months or less in 
duration, are produced annually. Marketable size is reached 
at 2 to 3 months. 


21.1.3.8 Harvesting 

Harvesting is conducted continuously after the first batch 
of prawns reach marketable size; selective/intermediate har¬ 
vesting is practised, followed by total harvesting at the end of 
the production season. Selective removal (culling) is neces¬ 
sitated by individual size differences and the natural spawn¬ 
ing of some prawns that matured early during the growing 
period. The harvest size of the prawn is approximately 5 cm 
or larger. Larger prawns command a much higher price 
than small ones. Prawns are commonly harvested by trap 
and net during selective harvesting, whereas total harvest¬ 
ing is conducted by netting and pond draining. 

Two crops of prawns are usually produced annually in 
both cage grow-out and in pond culture. When double¬ 
cropping is practised, the pond production is usually 2000 
to 3000 kg/ha and 4 to 6 kg/m 2 in cages. Only one crop of 
prawns is produced in ricefield culture and production is 
normally 300 to 450 kg/ha. 

21.1.3.9 Marketing 

Due to the small body size of M. nipponense, its appeal for 
export is lacking and hence this species is produced exclu¬ 
sively for the domestic market in China. However, M. nippo¬ 
nense obtains a much higher unit price (nearly double) than 
that of M. rosenbergii (Chapter 17) and freshwater cultured 
L.vannamei , due to its better meat texture and flavour. The 
market for M. nipponense is mainly concentrated in central 
east China but is expanding gradually. Unless the harvested 
size increases significantly, this species is unlikely to enter 
the foreign market (see also section 21.3.1.3). The prawns 
are sold mainly at the farm-gate but some producers sell 
them in wholesale markets; sale through local markets is 
unusual. Some farmers do have restaurants with regular 
customers, but these sales are limited to the farms close to 
urban areas. The price of the prawns fluctuates dramatically 
seasonally and is also influenced by the demand and sup¬ 
ply relationship. The farm-gate prices normally range from 
US$ 3 to 6/kg and the market retail price range is US$ 4 to 
10/kg. 


21.2 Oriental river prawn culture 
in Vietnam 

With the objective of finding a species with high culture 
potential and value in the central highlands of Vietnam, 
where only low-value aquaculture species such as carps are 
commonly farmed, M. nipponense was selected for trials to 
evaluate its seed production and culture. The following de¬ 
tails are based on the results of these culture trials (Nguyen 
etal. 2003). 
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21.2.1 Seed production 

After some successful laboratory experiments with the 
breeding of M. nipponense, some field trials that inves¬ 
tigated seed production using hapas in ponds were con¬ 
ducted. Berried females obtained from commercial catches 
were kept in holding hapas within ponds for condition¬ 
ing and to select healthy, well pigmented females that car¬ 
ried uniformly developed eggs (dark brown or grey eggs 
with visible eyes). The brooders were removed after the lar¬ 
vae were completely released. The larvae were subsequently 
grown within two sets of hapas: 8 small hapas (1 m x 2 m 
in area and 1 m in depth) and 2 large hapas (3 m x 6.7 m 
in area and 1 m in depth). The mesh size of all hapas was 
625 meshes/cm 2 . 

The larvae fed on natural plankton in the pond water in 
the hapas and were additionally given soybean milk at 0700 
and 1700 hours daily. The vertical sides of the hapas were 
cleaned daily to ensure good water circulation. Water qual¬ 
ity measured during the test period (September-December 
2002) was found conducive for larval growth; ambient tem¬ 
perature in the 8 small hapas ranged from 29 to 33°C, D0 2 
4.3 to 5.1 mg/L and pH 8.4 to 8.5. The water quality was 
about the same in the two larger hapas tested, except that 
the D0 2 level was higher (5.9 mg/L). 

The survival of larvae to PL 10 in the smaller (2m 2 ) 
hapas widely varied, ranging from 8 to 44%, and the 
larval production was low; the maximum obtained was 
763 PL10/m 2 . In the larger 2 hapas, survival was uniform 
(32 and 33%) and production was much higher (1016 
and 1049 PL 10/m 2 ). Labour costs for maintenance were 
comparatively less for the larger hapas. Larger hapas appear 
to be more advantageous, but these results are based on a 
limited number of trials. 

21.2.2 Grow-out 

Three earthen ponds (350, 450 and 640 m 2 ) were drained 
and sun dried for a week. Lime (700 kg/ha) and cow ma¬ 
nure (750 kg/ha) were then broadcast and the ponds were 
filled with water to 30 cm depth. After one week, the wa¬ 
ter level was raised to one metre before stocking. During 
the culture period, more lime and cow manure, as well as 
super-phosphate (60 kg/ha) and urea (20 kg/ha) were added 
to each pond at 2-week intervals. Water quality was mon¬ 
itored throughout the culture period and considered to be 
suitable. 

Juveniles of M. nipponense (0.18-0.28 g) from both 
breeding hapas (see section 21.2.1) and wild-caught from 
reservoirs and lakes were stocked at 60 to 70/m 2 in the 
ponds. The prawns in the smaller ponds (350 and 450 m 2 ) 
were fed with unprocessed feed consisting of rice bran, fish, 
fishmeal and oil cake, and those in the larger pond (640 m 2 ) 
were fed a processed feed containing 40% rice bran, 20% 


soybean meal, 30% fishmeal, 2% oyster meal, 8% algae 
and a vitamin mixture. In all ponds the daily ration was 7 
to 10% biomass of prawns, placed at the 4 corners of the 
ponds and divided into morning and evening portions. The 
culture period was 135 to 140 days. The highest production 
of 444 kg/ha/crop, with 83% of harvested prawns weigh¬ 
ing more than 2 g (marketable size), was obtained from the 
large pond. This pond was better managed, and alone was 
found to be profitable. The harvest size was more acceptable 
owing to the demand and appeal for the species, in spite of 
the small size. 

However, according to the authors (Nguyen et al. 2003), 
the low price of the prawns (US$ 1.94/kg) in the central 
highland affected the economics of the system, as obvi¬ 
ously seen by the higher price (US$ 3/kg) attained for this 
species in Ho Chi Minh City and other urban areas in 
Vietnam. More uniformly managed trials could provide 
the additional information needed for the development of 
economical M. nipponense culture, meeting the needs of 
rural highlands in Vietnam and similar areas. The pres¬ 
ence of M. nipponense in natural water bodies, as well as 
consumer preference in spite of its small harvest size, are 
positive factors for the successful development of farming 
in Vietnam. This process could be accelerated by refin¬ 
ing the aquaculture technologies presently developed and 
by adapting, where applicable, the successful experience of 
M. nipponense farming in China. 

21.3 Constraints and future prospects of 
M. nipponense farming 

Development of freshwater prawn farming globally and its 
sustainability are discussed elsewhere in this book (Chapters 
17 and 24). The farming of both M. rosenbergii and M. nip¬ 
ponense in China developed reasonably well until recently. 
However, some problems have arisen lately, because of the 
rather rapid development of freshwater prawn aquaculture 
generally in China. Essential scientific and technological 
development, including processing and improvements in 
marketing, is yet to be addressed (Miao 2005, 2007a). As 
commercial farming of M. nipponense exists only in China 
at present, the discussion in this section of our chapter con¬ 
cerns that country only; M. nipponense farming in Vietnam 
is no longer being discussed, except to note that consid¬ 
erable scope exists for increasing production of the prawn 
through commercial farming there (see section 21.2). 

21.3.1 Constraints 

Some of the problems confronting further expansion of 
M. nipponense farming in China are common to M. rosen¬ 
bergii as well as to the shrimp L. vannamei when reared 
in freshwater (Miao 2005, 2007a; New 2005). Constraints 
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to successful M. nipponense farming have been recognised 
to be genetic deterioration, diseases, marketing difficulties 
and environmental impacts. 

21.3.1.1 Genetic deterioration 

Genetic degradation of M. nipponense under culture has 
become a serious problem affecting yield and economic re¬ 
turns. Inbreeding, largely related to the biological features 
of the prawn and seed production practices, seems to be 
the major cause of this problem. The seeds of M. nippo¬ 
nense are produced on the farm through natural spawning. 
Brooder prawns may be wild-caught but are more often se¬ 
lected from the adult population raised in grow-out ponds 
and, furthermore, mature prawns often breed naturally in 
the farmed pond; therefore, genetic degradation, due to in- 
breeding, often becomes established among cultured stocks. 
As a result, reduced growth and size at first maturity arise. 
Wang & Qianhong (1999) noted that M. nipponense juve¬ 
niles produced from pond-reared parents have a smaller av¬ 
erage size than those reared from berried females collected 
from lakes. Besides the reduction in production volume, 
the smaller harvest size of individual prawns seriously af¬ 
fects the economic return. The price reduction caused by 
the small harvest size of M. nipponense can exceed 50%. In 
spite of the recognition of this fact, seed production prac¬ 
tices have not improved much, possibly due to the technical 
difficulties involved and the time needed to develop effec¬ 
tive production technologies and selective breeding of the 
species. As indicated, some farmers use wild-caught prawns 
for broodstock, but often economic considerations and 
availability limit the use of natural stock for aquaculture. 

Genetic improvement programmes are currently being 
implemented in China to improve the production traits of 
the species, mainly enhanced growth rate and larger size at 
first maturity. Significant progress in this context and the 
improvement of the genetic quality of cultured populations 
through selection and cross breeding different local strains 
of the species, and through inter-specific hybridisation, has 
been made. A number of improved strains have been dis¬ 
tributed to farmers. A selective strain of M. nipponense and a 
crossbreed of M. nipponense and M. hainanense (see section 
21.1.2.1), developed by the Freshwater Fisheries Research 
Centre (FFRC), Wuxi, have been distributed to several farm¬ 
ers in Jiangsu province, which is the most important area 
of the culture M. nipponense in China. Farmers have grad¬ 
ually become convinced that higher quality of the brood- 
stock/seed used in culture can result in improved produc¬ 
tion and more economic benefits, despite higher seed costs. 

21.3.1.2 Diseases 

Compared with M. rosenbergii and L. vannamei, no serious 
disease problem in the culture of M. nipponense is presently 


apparent. However, some microbial and parasitic diseases 
arefoundinM. nipponense culture (seesection21.1.3.6) and 
can somewhat affect production, though mass mortality has 
rarely been reported (Miao 2007a). However, existing dis¬ 
ease problems could become more serious and new diseases 
could take hold as the intensity and expansion of farming 
of this species increases, often concurrently in association 
with environmental degradation. 

21.3.1.3 Issues related to marketing and 
economic return 

The rapid development of freshwater prawn culture has 
been stimulated by increasing market demand and high 
economic returns. The oriental river prawn used to com¬ 
mand a market price of US$ 15/kg or even higher during the 
Chinese New Year period. In contrast, as previously stated, 
the price of M. rosenbergii was much less. M. nipponense has 
had a high and fairly stable market price over a long period. 
However, a considerable decline in unit value has occurred, 
due to marketing pressures caused by very rapid produc¬ 
tion expansion, the reduced size of harvested prawns and 
little market expansion. As for all aquaculture species, un¬ 
even distribution of the production sites is another factor 
that causes market pressure. Chinese consumers prefer live 
prawns, which usually command a much higher price than 
that for processed animals; however, live transportation of 
large quantities is difficult. Great pressure on local and ad¬ 
jacent markets during the peak harvesting season in these 
areas therefore occurs. Furthermore, improved processing 
technology has yet to catch up with the rapid expansion 
and increased production of M. nipponense in China. 

The present market for M. nipponense is more concen¬ 
trated in central east China; further expansion in this area 
would lead to increased market pressure and the slackening 
of unit values unless, as stated previously, new markets are 
developed. Despite the rapid increase in production in re¬ 
cent years, M. nipponense had far less market pressure than 
M. rosenbergii, because of the benefits derived from the long 
harvesting period of the former species. The lack of market 
pressure is a major reason for the maintenance of higher 
unit values for M. nipponense. 

21.3.1.4 Environmental impacts 

The environmental impacts of M. nipponense farming are 
not as significant as for M. rosenbergii; M. nipponense is 
an indigenous species, whereas the giant river prawn is ex¬ 
otic to China. The culture of M. nipponense also tends to 
be more sustainable due to its moderate level of inputs 
and production and the more diversified systems of cul¬ 
ture. Easy availability of seed from natural sources and its 
greater tolerance to the colder temperatures prevalent in 
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temperate areas are other contributing factors that pro¬ 
mote the expansion and sustainability of the oriental river 
prawn in China. However, further increases in the farmed 
production of M. nipponense need to be monitored closely 
to avoid serious environmental impact problems. 

21.3.2 Prospects 

A marked expansion in the culture area of this species 
is unlikely unless there is a significant increase in mar¬ 
ket demand in areas where M. nipponense is currently 
less favoured. Major efforts to develop the farming of this 
species will need to focus on technical and managerial im¬ 
provements that lead to higher economic efficiency. These 
improvements must concentrate on increasing the harvest 
size of the prawn and achieving a higher production per 
unit area. 

Freshwater prawns are among the aquaculture species 
promoted by the government of China, particularly to im¬ 
prove the culture practices and efficiency of production. The 
programme of development for this species is now more fo¬ 
cused on technology development and the dissemination of 
research outputs, particularly the distribution of improved 
strains and managerial practices. Programmes that aim to¬ 
wards enhanced production are usually localised. Generally, 
research and extension activities are funded by central and 
provincial governments, while the production-oriented de¬ 
velopment programme is promoted and subsidised by local 
governments in China. 

Freshwater prawns are among the aquatic products spe¬ 
cially preferred by Chinese consumers and are more ex¬ 
pensive commodities than traditional cultured fish species. 
Presently, total freshwater prawn production, estimated 
to be 1.3 million t (2007) (including the wild catch), ac¬ 
counts for about 1.8% of the total fisheries production 
in China. Per capita consumption of freshwater prawn 
products in China is around 0.6 kg. As previously stated, 
M. nipponense is currently only consumed domestically. 
Potential for capitalising on the international market is 
very limited, unless significant improvements in harvest 
size and post-harvesting technologies are realised. How¬ 
ever, the potential for increased domestic demand is high, 
because the standards of living and lifestyle in China are 
improving. 

The major strategies suggested for further development 
of M. nipponense farming in China are: 

• Strengthen the genetic based efforts towards improving 

seed quality, including selective breeding and hybridisa¬ 
tion of different local strains; 

• Additional improvement of the culture techniques and 

management for higher yield and larger harvest size to 

achieve increased economic return; 


• Improvement in post-harvesting techniques, expansion 
of domestic marketing and market development in south¬ 
ern and northern China. 

Future development of M. nipponense farming in China is 
closely linked to that of the other major species cultured. 
The most important factors are the development of a bal¬ 
anced strategy, establishment of a high quality seed pro¬ 
duction system and an effective prawn health management 
programme, as well as improvements in culture technology, 
processing and marketing. 
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In South America, the major cultured freshwater prawn 
is the exotic Macrobrachium rosenbergii, which has been 
produced in several countries for many years (Valenti 
1993, 2005, 2007a; Valenti & Moraes-Riodades 2004; see 
also Chapter 17). However, on megadiverse territories (i.e. 
Brazil, Colombia and Venezuela), exotic species may se¬ 
riously damage biodiversity, the major environmental re¬ 
sources of these countries for the 21st century. Therefore, 
there is a great pressure from the society and government to 
use indigenous species in aquaculture. Although no pub¬ 
lished articles address the negative environmental impact 
of M. rosenbergii, there are benefits in using a local species 
both for environmental and genetic reasons. Culturing an 
indigenous species avoids environmental problems such as 
escapes and the establishment of exotic species in the en¬ 
vironment, changes to the local habitat and the dissemina¬ 
tion of pathogens (Bridger & Garber 2002; Myrick 2002). 
In addition, the replacement of broodstock of indigenous 
species to prevent genetic depletion does not depend on 
the importation of new animals. Use of a local species in¬ 
creases the sustainability and local acceptance of freshwater 
prawn farming. The remarkable development of M. nip- 
ponense farming in China during the past years (Chapters 
1 and 21) shows the importance and viability of cultivat¬ 
ing native species. Therefore, studies on indigenous species 
are needed to assess their commercial viability and develop 
relevant farming technology. 

Among the native species of South America, the Amazon 
river prawn Macrobrachium amazonicum (Fig. 22.1) offers 
great potential for aquaculture (Kutty et al. 2000; New 2005; 
Routledge et al. 2006). It is smaller than M. rosenbergiibut 
the meat has a firmer texture and a more intense flavour, 
which makes M. amazonicum better accepted by consumers 
in Brazil (Moraes-Riodades & Valenti 2001). In north and 
northeast Brazil, M. amazonicum is very important in arti¬ 
sanal fisheries (New et al. 2000; Araujo et al. 2006) and is 
usually consumed by all social classes (Moraes-Riodades & 
Valenti 1999; Valenti 2007b). This species has also been used 


as bait in fishing (McNamara etal. 1983; Valenti et al. 2008) 
and as a feed in the culture of carnivorous fish (Romero 
1982; Gurgel & Matos 1984; Magalhaes et al. 2005). It is 
widely distributed in the rivers of South America (Holthuis 
1952; Davant 1963; Pettovello 1996) and thus, its culture 
does not offer risks to natural ecosystems if escapes from 
the ponds occur. 

In the late 1990s, some tentative of culturing M. ama¬ 
zonicum was performed in Brazil (Moraes-Riodades et al. 
1999; Moraes-Riodades & Valenti 2001) based on technol¬ 
ogy used for M. rosenbergii. Although these species belong 
to the same genus, they originated from distant geograph¬ 
ical sites; different biological features may have evolved 
leading to different biological requirements for aquacul¬ 
ture. Thus, these pioneering farms closed before 2000 due 
to lack of suitable technology. However, in 2001, a mul¬ 
tidisciplinary and multi-institutional research programme 
aiming to developed technology for culturing M. amazon¬ 
icum was begun in Brazil as a response of the academic 
community to the needs of society. This programme has 
been conceived to cover all phases of the productive process 
and to consider economic and social aspects, environmental 
impact and animal welfare. More than 20 senior scientists 
and several graduate students have been involved in this 
research over the past 8 years (to 2008). Results have shown 
that this species is hardy, polytrophic and disease-resistant; 
tolerates intensification in all phases of culture; and exhibits 
a short larval phase, rapid growth rate and very high sur¬ 
vival in tanks and ponds. As a result of these studies, the 
technology is now available to produce M. amazonicum. 
Therefore, any pioneer project has the necessary technical 
support to commence. The first commercial hatchery is un¬ 
der construction in Amazonia (2009) and there are some 
government agencies interested in supporting the trans¬ 
fer of this technology to the commercial sector in vari¬ 
ous Brazilian states. However, currently (2009) there is no 
significant commercial culture of M. amazonicum. There¬ 
fore, the information provided in this chapter is based 
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Fig. 22.1 The Amazon river prawn, M. amazonicum. 
(Reproduced with permission of Wagner C. Valenti, Sao 
Paulo State University.) 


on data from experimental and pilot projects, not farm 
experiences. 


22.1 Biology 

22.1.1 Taxonomy and population structure 

Holthuis (1952), Melo (2003) and Magalhaes et al. (2005) 
described the general characteristics for identifying M. ama¬ 
zonicum , based mainly on adult males. The telson and ros¬ 
trum are the key structures. The conical shape of the telson, 
which tapers gradually towards the tip, is characteristic. The 
posterior margin ends in a sharp median point with no dis¬ 
continuity and bears two pairs of spines, the inner one not 
overreaching the tip of the telson. M. amazonicum has a 
long rostrum, arched over the orbits and obliquely curved 
upwards in its distal portion. However, such characters are 
not so evident in juveniles and identification of immature 
specimens is difficult, as in many other Macrobrachium 
species. 

M. amazonicum may be separated into two distinct 
groups: 

(1) coastal populations, which inhabit rivers close to estu¬ 
arine waters; and 

(2) continental populations, which live in rivers, lakes and 
other bodies of water in inland areas of South America. 

Coastal populations occur in the rivers of the lower Ama¬ 
zon river basin, close to the equator, mainly in the Para and 


Amapa states of Brazil and in Venezuela (Holthuis 1952; 
Lopez & Pereira 1996). Several other populations occur 
in Brazilian northeast river basins, but there are doubts 
about whether they are native or were actually introduced 
into these regions by anthropogenic dispersion (Ramos- 
Porto & Coelho 1998). Coastal prawn populations are large 
(10-16 cm) with high fecundity (thousands of eggs) and 
need brackishwater for larval development. Continental 
populations occur in the Orenoco, Paraguay, high Ama¬ 
zon and low Parana river basins, from Colombia (equator 
line) to Argentina (~24°S) (Holthuis 1952; Pettovello 1996; 
Magalhaes 2000, 2001; Valencia 8t Campos 2007). Conti¬ 
nental specimens are smaller (~5 cm), present low fecun¬ 
dity (hundreds of eggs) and complete metamorphosis in 
freshwater. 

There is some discussion about the taxonomic status of 
coastal and continental populations. Porto (2004) suggested 
that they are really different species. However, this is not the 
vision of the main taxonomists (C. Magalhaes, pers. comm. 
2008); Peixoto (2002), using molecular DNA markers, did 
not observe differences at species level among coastal and 
continental populations. This subject remains under in¬ 
vestigation (Machado et al. 2008; Vergamini & Mantelatto 
2008) and conclusive data will soon be available. Neverthe¬ 
less, all the rearing technology presented in this chapter was 
developed using coastal prawns from Amazonia. 

Moraes-Riodades & Valenti (2004) observed that male 
mature populations raised in aquaculture ponds present 
four groups of males differing in colour, spination and 
growth pattern (Fig. 22.2). These were named Translucent 
Claw (TC), Cinnamon Claw (CC), Green Claw 1 (GC1) and 
Green Claw 2 (GC2). All differ in size, but TC and CC are 



Fig. 22.2 The four morphotypes of M. amazonicum ob¬ 
served in grow-out ponds. (Reproduced with permission 
of Wagner C. Valenti, Sao Paulo State University.) 
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markedly smaller than GC1 and GC2. These authors spec¬ 
ulated that GC2 males represent the dominant and most 
actively reproducing males, whereas GC1 could be a transi¬ 
tional form. Papa (2007) showed that all morphotypes are 
mature and produce fertile gametes, but spermiogenesis is 
less in the CC form, which produces few spermatozoids. 
This author also observed differences in the androgenic 
gland among TC, CC and GC morphotypes. Despite this. 
Papa et ah (2004a,b), Papa (2007) and Silva et al. (2009) 
demonstrated that the morphology of testes of GC1 and 
GC2 are very similar and suggested that they should be 
grouped. However, the four morphotypes may exhibit dif¬ 
ferent breeding displays; therefore, behavioural studies are 
needed to clarify the reproductive role of each morphotype. 
Male population structure based on the same morpho¬ 
types were also observed in various wild coastal populations 
(Moraes-Riodades & Valenti 2004; Santos et al. 2006; Silva 
et al. 2009), indicating that this pattern is a characteristic of 
the species. However, it has not yet been demonstrated for 
continental populations. 

The population structure of M. amazonicum is den¬ 
sity dependent (Moraes-Riodades & Valenti 2006; Moraes- 
Valenti & Valenti 2007). At high densities (40-80/m 2 ) the 
numbers of dominant males and reproductive females de¬ 
crease significantly. This may be due to intrinsic regulation 
mechanisms of the species and/or competition for space 
and natural food. Moraes-Riodades (2005) has studied 
the population structure of M. amazonicum in aquacul¬ 
ture ponds. She observed that all morphotypes appear two 
months after stocking postlarvae (PL). At a stocking den¬ 
sity of 40 PL/m 2 ,the frequency is about 25% TC, 45% CC, 
10% GC1 and 20% GC2 after 5 to 6 months of culture. 
The proportion of GC2 decreased as the stocking density 
increased from 10 to 80 PL/m 2 . This author also observed 
that the proportion of males significantly increases after 
stocking and the sex-ratio may attain 2.8:1 (maleifemale). 
Preto (2007) also observed an increase in the proportion of 
males during 3.5 months of culture. However, it has been 
observed that in some wild populations there are more fe¬ 
males than males (Odinetz-Collart 1987, 1991a). 

22.1.2 Habitat and life cycle 

M. amazonicum inhabits lacustrine, floodplain and 
lotic environments in tropical South America. It is very 
abundant in the sediment-rich waters of the Amazon river 
basin, in the rivers and lakes of Pantanal (Odinetz-Collart 
1991b; Magalhaes 2000, 2001) and in reservoirs of the 
semi-arid northeast region (Coelho & Ramos-Porto 1985; 
Ramos-Porto & Coelho 1990, 1998; Arraes & Ramos-Porto 
1994). However, it is rare in acidic (pH 4.5-5.5) small 
forest streams in Amazonia and in all estuarine waters 
(Odinetz-Collart & Rabelo 1996). Larvae are planktonic 


and live in open waters, or close to aquatic macrophytes, 
submerged grass and tree branches from 0 to 2 m deep 
(Moreira & Odinetz-Collart 1993). Juveniles and adults 
are benthic, or associate with flooded substrates (e.g. tree 
trunks and leaves permanently submerged or covered by 
water in the rainy season) or patches of aquatic floating 
vegetation (Magalhaes 2000, 2001; Magalhaes et al. 2005). 

The life history of M. amazonicum has been investigated 
under laboratory conditions (Vargas 8t Paternina 1977; 
Guest 1979; Romero, 1982) and in its natural environ¬ 
ment (Odinetz-Collart 1987, 1990, 1991b; Odinetz-Collart 
&Moreira 1989; Moreira & Odinetz-Collart 1993; Odinetz- 
Collart 8t Magalhaes 1994; Odinetz-Collart & Rabelo 1996). 
It was observed that the species exhibits a very wide phe¬ 
notypic plasticity. Reproductive strategy, egg size, larval de¬ 
velopment, growth rate and population structure are site 
dependent. The main factors that affect such characteris¬ 
tics are the hydrological and physical characteristics of the 
environment, such as rain and flooding, water flow and dis¬ 
tance from the estuary. For instance, M. amazonicum spawn 
year-round in Amazon lakes, but exhibit a highly seasonal 
spawning in large rivers of the same region (Odinetz-Collart 
& Magalhaes 1994). 

The life cycle of M. amazonicum is similar to the other 
Macrobrachium species. The female undergoes a pre-mating 
moult and therefore the male deposits a spermatophore into 
her abdominal region. After that, the female release her eggs, 
which become fertilised and moved to the pleopods. Egg 
size ranges from 0.14 to 0.27 mm 3 and increases with the 
distance of the population site from the ocean (Odinetz- 
Collart 8t Rabelo 1996). The egg mass is deep green, be¬ 
coming light green, deep yellow, light yellow and finally 
translucent just before hatching (Rego et al. 2004). In¬ 
cubation lasts 12 to 18 days at 27 to 30°C (Guest, 1979; 
Magalhaes 1985). Embryos hatch as free-swimming zoeae 
and undergo 9 to 11 stages before metamorphosis (Guest 
1979; Magalhaes 1985). After that, PL assume a benthonic 
habit, walk on the substrates and climb vertical surfaces. 
Following a small period of somatic growth, which may 
be as short as 2 months after metamorphosis (Moraes- 
Riodades 2005), animals mature as they attain 50 to 60 mm 
(Guest 1979; Moraes-Riodades & Valenti 2002; Silva & 
Sampaio 2004). However, female size at first maturity has 
been reported to occur at 33 mm in a Venezuelan lake 
(Gamba 1997). Fecundity is low and the number of larvae 
hatched varies widely from 21 to 2600 per female (Guest 
1979; Lobao et al. 1986; Da Silva et al. 2004). 

22.1.3 Morphology 

The external morphology of all larval stages was described 
by Guest (1979) and Magalhaes (1985). Both papers are very 
useful for following larval development during the hatchery 
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phase. Zoea I are about 2.8 mm long (Magalhaes 1985) and 
about 60 (jLg dry weight (DW) (Hayd et al. 2009). Both 
length and weight increase continuously during develop¬ 
ment. Newly-hatched larvae have sessile eyes, a rudimen¬ 
tary mouth and thoracic appendices. Pleopods appear as 
buds at stage V and are biramous in zoea VI. The rostrum is 
smooth until zoea IX, when 6 dorsal teeth appear. PL have 
a rostrum with dorsal and ventral teeth. Newly metamor¬ 
phosed PL are about 5.4 mm long (Magalhaes 1985) and 
about 1 mg DW (Maciel 2007; Vetorelli 2004, 2008). Their 
wet weight is about 5 mg (Vetorelli 2004). 

Hayd et al. (2008a) provide a simple and practical guide 
for the identification of the major moult stages of M. ama- 
zonicum larvae, based on microscopic observations of the 
telson. Due to rapid larval development and abrupt integu- 
mental changes, these authors divided the moulting cycle 
into three principal stages: A to C (postmoult and inter- 
moult stages combined), D (premoult) and E (ecdysis). In 
early stage A to C, the cuticle is still thin and water is ab¬ 
sorbed so that the larval body expands and rapidly attains 
its final size and shape. In final stage A to C, the larvae re¬ 
inforce the cuticle, and the epidermis shows a conspicuous 
tissue growth. In stage D, a retraction of the epidermis from 
the cuticle (apolysis) occurs, and the development of new 
setae and appendages begins. Stage E begins with a dor¬ 
sal exoskeleton rupture between the cephalothorax and the 
abdomen, followed by a rapid retraction of the abdomen 
from the old exoskeleton. All phases are well documented 
in the publication cited. 

The general external morphology of M. amazonicum ju¬ 
veniles and adults is very similar to that of other Macro- 
brachium prawns (Chapter 3 for details). Males may attain 
160 mm and 30 g, whereas females are smaller and reach 
140 mm and 17 g. However, much smaller animals normally 
occur in the wild or in ponds. Both males and females are 
generally translucent, with pigments that are light grey, cin¬ 
namon or greenish. GC1 and GC2 males are darker, whereas 
the other males, and females and juveniles, have a less in¬ 
tense colour and are more translucent. Body colour may 
vary according to the background colour of the habitat, as 
occurs in most Macrobrachium species. 

The reproductive structures of M. amazonicum were re¬ 
cently detailed by Ribeiro (2006) and Papa (2007), although 
a preliminary study of oocyte development was presented 
by Chaves & Magalhaes (1993). Macroscopic and micro¬ 
scopic analyses showed that the reproductive system is sim¬ 
ilar to that of M. rosenbergii (Chapter 3), although some 
significant differences occur. The male maturation cycle 
was related to the morphotypes and all stages of the process 
were described by Papa (2007). The ovarian stages were 
described by Ribeiro (2006), based on macroscopic obser¬ 
vation, histological and ultra structural characterization. 
Five stages (called I-V) were defined from undeveloped 


(stage I) to mature (stage V). The ovary is very small and 
translucent at stage I, whitish at stage II and greenish at stage 
III. At stage IV the ovary is green, whereas at stage V it is 
deep green and occupies almost all the coelomatic cavity of 
the cephalothorax. In aquaculture, all stages may easily be 
recognised in live females by looking at the dorsal portion 
of the cephalothorax and observing the gonads under the 
transparent carapace. All oocytes produced in each cycle are 
released in a single spawning. A new ovary cycle may begin 
just after spawning when the environmental conditions are 
appropriate. 

Franceschini-Vicentini et al. (2009) have described the 
hepatopancreas of M. amazonicum in detail. It is a large 
yellowish-brown organ, which occupies much of the 
cephalothoracic cavity. It is divided into right and left lobes, 
both consisting of blind-ended hepatopancreatic tubules. 
Each can be subdivided into distal, medial and proximal 
zones and is lined with a pseudo-stratified epithelium. This 
tissue includes five different cell types, related with diges¬ 
tion and nutrient storage. The hepatopancreas is related to 
digestion, absorption of nutrients, storage of reserves and 
excretion. Histological and histochemical changes of the 
hepatopancreas may occur in response to physiological de¬ 
mands such as moulting, reproduction, digestive processes 
or disease. 

22.1.4 Physiology 

Moulting and reproduction are key physiological process in 
Crustacea. Therefore, for studies on metabolism, growth, 
biochemical composition or other physiological aspects im¬ 
portant to aquaculture, it is necessary to standardise moult¬ 
ing and reproductive stages. For M. amazonicum, the moult 
cycle has been studied only for larvae (Hayd et al. 2008a), 
but there is no evidence that it may be different in juve¬ 
niles or adults; general criteria used for other Decapoda 
crustaceans may also be used. Reproductive stages can be 
defined based on the papers cited in section 22.1.3. 

Ribeiro (2006) points out that the female reproductive 
cycle depends on the action of ovaries and hepatopan¬ 
creas together. The latter organ has important functions 
concerned with the absorption, synthesis and liberation of 
nutrients and possibly the synthesis of steroids (estradiol, 
progesterone and testosterone). She also observed that the 
levels of estradiol and progesterone increase steadily dur¬ 
ing stages I and II, which coincide with the previtellogenic 
phases. Following this, there is a significant decrease in these 
steroids at stage III, when transference of material from 
the hepatopancreas to ovary and oocytes occurs. Estradiol 
and progesterone decrease progressively throughout the re¬ 
maining ovarian maturation stages. The lowest levels of 
these hormones are observed at stage V and may be related 
with spawning. 
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Hayd et al. (2009) have studied the metabolism of M. 
amazonicum in embryos, larvae and PL. These authors ob¬ 
served that metabolic rate is proportional to the body mass. 
Thus, individual ammonia -N excretion increases as larvae 
and PL grow. On the other hand, weight-specific excretion 
rates exhibit 2 phases: embryo to zoea II and zoea III to day 
14 juveniles. M. amazonicum only use internal energy re¬ 
serves from the yolk during embryo, zoea I and (frequently) 
zoea II stages, whereas from zoea III onwards larvae actively 
ingest exogenous food (Araujo & Valenti 2007). Therefore, 
it seems that the use of exogenous food is the main factor 
to increase weight-specific excretion rates. 

A set of 1000 larvae produce a load of about 1 and 5 mg 
NH 3 -N/day during zoea I to zoea IV and zoea V to zoea IX 
phases, respectively. One thousand newly metamorphosed 
PL7 and PL14 produce about 10.8, 15.6 and 25 mg NH 3 - 
N/day, respectively (Hayd et al. 2009). Such values may 
be used as a base in M. amazonicum culture for defining 
suitable stocking densities in rearing tanks or in transport 
bags, as well as determining the frequency of water exchange 
in flow-through systems and for dimensioning biofilters in 
recirculating systems. 

Osmoregulation in M. amazonicum represents a new av¬ 
enue for basic studies, mainly because different populations 
present different degrees of ‘freshwaterisation’ (adaptation 
to a freshwater environment). It was observed that this pro¬ 
cess depends on the action of the gill (Na + ,K + )-ATPase 
(Santos et al. 2007) and on the free amino acids in the 
haemolymph (Augusto et al. 2007). Some studies in this 
field are being carried out in Brazil. In addition, studies on 
other physiological aspects, such as the energetic balance, 
metabolism of starvation and oxygen consumption of M. 
amazonicum , are also being performed. 


22.2 Broodstock 

Broodstock may be obtained from the wild or from research 
institutions. However, only prawns from coastal popula¬ 
tions should be used (for reasons, see section 22.3.2). If 
the hatchery wishes to catch wild animals, and the cap¬ 
ture site is near, only ovigerous females should be used. 
It is advisable to release PL in natural waters at a rate of 
10 times the number of adults removed to avoid damag¬ 
ing wild stocks. Females exhibit low fecundity, which is 
one of the main constraints for M. amazonicum culture. 
Some attempts have been made to increase fecundity but 
have showed no progress so far. Thus, a large quantity of 
berried females is needed and a huge broodstock may be 
required. Building facilities and maintaining a large brood¬ 
stock is very expensive (Vetorelli 2004, 2008). Hence, cap¬ 
turing wild ovigerous females can be a good strategy if done 
responsibly. 


Broodstock maybe maintained in tanks, earthen ponds, 
pens or cages. Tanks and cages of 1 m 3 and 80 to 200 m 2 
ponds have been used at Sao Paulo State University Aqua¬ 
culture Center (CAUNESP) with good results. However, 
larger ones are recommended for commercial activities. 
Animals are very hardy and do not need special attention. 
Artificial substrates such as vertical nets, piece of pipes or 
palm leaves may be used to avoid agonistic encounters and 
to enable increased stocking density. M. amazonicum is not 
as aggressive as M. rosenbergii or M. carcinus and adults 
can be maintained at 80 to 100/m 2 . However, densities of 
20 to 40/m 2 are recommended for broodstock to prevent 
unnecessary competition and stress. Around 100/m 3 can 
be stocked in indoor tanks provided with aeration and sub¬ 
strates. There is no information on the reproductive role 
of the four morphotypes. However, good results have been 
obtained using only GC1 and GC2 males at a rate of 1:4 
or 1:5 (male:female). Prawns are fed on the pelleted diet 
generally used for grow-out (see section 22.3.4), since pel¬ 
lets sink to the bottom, at a rate of 5% of prawn biomass, 
supplied twice daily. This diet can be supplemented with 
fish or molluscan flesh, according to availability. 

The quantity of broodstock is selected according to the 
number of larvae required to stock larviculture tanks. We 
consider that each female (4-5 g) produces 1000 to 1500 
larvae. Reproduction occurs year-round, since temperature 
remains above 23 to 25°C. Each female reproduces monthly 
or bimonthly and incubation lasts about 15 days. 

Some attempts to improve reproduction performance 
have been made. Preliminary data suggest that the addition 
of 1% of cholesterol to the broodstock diet increases the 
gonadosomatic index and may improve male reproduction 
(Papa et al. 2006). On the other hand, the proportion of 
HUFA in the diet may affect ovarian development (Ribeiro 
et al. 2004a,b). All the other data presented in this section 
have come from our personal observations at a research 
station and need to be confirmed in controlled experiments. 


22.3 Hatchery 

22.3.1 Facilities 

The facilities needed for a hatchery for Amazon river prawns 
are very similar to those used for M. rosenbergii (Chapter 5). 
The design of the facility is based upon the desired rate of 
PL production and the physical plant is site-specific. All of 
the hatchery technology for M. amazonicum was developed 
using recirculating systems; however, there is no reason 
for not using flow-through systems. Rectangular or round 
tanks from 1 to 10 m 3 and 1 m deep are suitable for both 
recirculation and flow-through systems. Biofilters should 
be about 10% of tank size. Tank colour is important for 
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general performance. Red and green walls do increase feed 
ingestion and the weight of PL but black tanks increase 
productivity by 16 to 30% (Maciel & Valenti 2006; Maciel 
2007). Therefore, black tanks are recommended because 
more PL can be produced using fewer expensive Artemia 
nauplii. UV or ozonisation may be useful for water treat¬ 
ment, although very good results have been obtained by 
simply filtering the water through 1 to 5 p.m mesh cellulose 
filters (Maciel 2007; Vetorelli 2008). 

Hatchery equipment includes a refrigerator, a stereo mi¬ 
croscope, a refractometer or other means to measure salin¬ 
ity, a pH meter, a simple balance, heaters, beakers, glass 
jars, buckets, a food blender, siphoning apparatus for tank 
cleaning, various chemicals, etc. A general list of all items of 
equipment and the relevant prices are presented in Vetorelli 
(2004, 2008). 

Light requirements are still controversial. Araujo (2005) 
and Araujo & Valenti (2006) observed that survival did not 
differ from 0 (total dark) to 8 p,mol/seg/m 2 at surface, but 
weight gain and productivity were lowest in total darkness. 
On the other hand, Maciel & Valenti (2006) and Maciel 
(2007) suggested that survival is negatively correlated with 
light intensity (ranging from 1 to 6 |xmol/seg/m 2 ) at the 
tank bottom. 

22.3.2 Water quality 

Although there are populations whose larvae develop in 
freshwater, these adults are small in size. Therefore, only the 
coastal populations have been used to develop aquaculture 
technology. In addition, there would be little advantage 
in excluding the use of brackishwater if the larvae are fed 
Artemia nauplii, since the latter die after a few hours in 
freshwater. Thus, brackishwater is necessary for hatchery 
operation. 

M. amazonicum larvae tolerate a wide range of salinity 
from 1 to 28p.p.t. (Moreira et al. 1986; Zanders & Ro¬ 
drigues 1992; Araujo 2005; Vetorelli 2008). Salinities below 
1 p.p.t. impaired zoea II development, but did not impair 
zoea VII to metamorphosis (Araujo 2005). Some authors 
have suggested long ago that the optimal salinity for larval 
rearing is 10 to 14 p.p.t. (Guest & Durocher 1979; Barreto & 
Soares 1982; Valenti 1985). This was confirmed in a recent 
study (Vetorelli 2008), which also showed that a salinity of 
12 p.p.t. improves productivity, and decreases the period 
of culture and production cost. This was confirmed in a 
recent study based in non-linear regression analyses, which 
show that 12 p.p.t. is the best salinity to improve productiv¬ 
ity, and decreases the period of culture and production cost 
(Vetorelli 2008). In addition, Vetorelli (2008) found that the 
same productivity and time to metamorphosis is obtained 
using either natural or artificial brackishwater (macro- plus 
micro-elements). Thus, choice depends only on the dis¬ 


tance of the hatchery from the coast and the availability of 
sea salts. 

Generally, experimental larviculture has been performed 
at 28 to 30°C, salinity 10 to 12 p.p.t., pH~8 and at 
least 5 mg/L dissolved oxygen (DCL) (Vetorelli 2004, 2008; 
Araujo 2005; Hayd 2007; Maciel 2007). Continuous aer¬ 
ation is essential. Recirculating systems provide relatively 
stable water parameters. The temperature is kept constant 
by means of heaters. Salinity and pH normally remain stable 
during the culture period and do not need to be managed. 
Inorganic nitrogen compounds (ammonia, nitrite and ni¬ 
trate) are the most important water quality parameters in 
recirculating systems. No deleterious effect was observed for 
levels of NO? - N below 0.8 mg/L (Hayd 2007; Hayd et al. 
2008b); this is therefore a safe boundary level. Studies to 
determine the un-ionized ammonia and nitrate limit of 
tolerance for M. amazonicum are currently (2009) being 
carried out at CAUNESR Preliminary results suggest that 
M. amazonicum larvae are very resistant until a level of 
1.6 mg/L NH 3 -N is reached and that a concentration of 
nitrate above 80mg.L _1 should be avoided. In addition, it 
seems that pH >9 impairs larval development. 

22.3.3 Larval stocking, growth and productivity 

Before stocking, the rearing system should be cleaned and 
tanks and biofilters should be filled with brackishwater. Wa¬ 
ter temperature should be kept close to 30°C, salinity at ap¬ 
proximately 12 p.p.t., D0 2 ~6 mg/L and pH ~8. However, 
actual tolerance to environmental factors is population- 
specific and thus may vary according to the origin of brood- 
stock. This fact occurs with most aquatic species but has 
been neglected by aquafarms. 

Berried females with light translucent eggs are trans¬ 
ferred to highly aerated tanks filled with a 25 mg/L formalin 
solution for disinfection for a period of 30 minutes. Then 
they are transferred to hatching tanks (Fig. 22.3) filled ei¬ 
ther with freshwater or brackishwater (6-12 p.p.t.) at a den¬ 
sity of 1 female per 2.5 L of water. There is no consensus 
about whether salinity affects hatchability. The hatching 
tanks must be provided with a bio-filter, aeration, shelters 
and artificial substrates. If this is not practicable, density 
should be decreased to 1 per 10 L or lower. The tank should 
be covered with a screen or seine (mesh <10 mm) ensuring 
that there is no hole or space between the tank wall and 
the cover. M. amazonicum are good jumpers and are able 
to escape through very small gaps. They can also climb the 
tank wall above the water level and escape. 

Females may be fed with fish flesh or molluscs daily. 
Unconsumed feed and faeces must be siphoned off and 
the ammonia concentration should be measured daily. As 
density is very high, any problem at the biofilter may result 
in a rapid increase in total ammonia. 
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Fig. 22.3 A hatching tank used at CAUNESP, Brazil. 
(Reproduced with permission of Wagner C. Valenti, Sao 
Paulo State University.) 


After hatching, the larvae are enumerated, acclimated to 
the rearing tank conditions and stocked. Larvae tolerate 
stocking densities as high as 140/L with no negative ef¬ 
fect on survival, metamorphosis rate and growth (Vetorelli 
2004). Productivity significantly improves as stock density 
increases from 80 to 140/L (Fig. 22.4). Although the maxi¬ 
mum stocking density depends on the carrying capacity of 
the rearing system, it seems that 140/L is preferable. 

Larvae grow continuously during the hatchery phase, i.e. 
they increase in length and weight every time they moult for 
a new zoeal stage. Growth may be described by the equation 
(Vetorelli 2008): 


W = 54.4e°' 357s 

in which W = weight in p,g 
e = natural logarithm 
s = larval stage number (1 to 9). 

Larvae reared both in small vessels (such as beakers) or in 
30 to 120 L recirculating tanks (round or rectangular) have 
attained 700 to 1000 |xg at the PL stage (Vettorelli 2004, 
2008; Araujo 2005; Maciel 2007) if metamorphosis occurs 
in 18 to 20 days. However, Vetorelli (2004, 2008), Araujo 
(2005) and Maciel (2007) found that if mass metamorpho¬ 
sis was delayed to day 22 to 24, PL were larger and reached 
1000 to 1400 (jtg. Thus, moulting and growth may occur 
even when larvae do not move to the next larval stage. On 
the other hand, it was observed that growth was gener¬ 
ally higher in tanks that had a lower PL density at harvest, 
regardless of survival rate. In addition, Maciel (2007) ob¬ 
served that larvae that ingested more food attained more 
weight at the PL stage, but did not metamorphose early. 
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Fig. 22.4 Productivity curve of M. amazonicum postlar¬ 
vae. Each data-point represents the mean of 3 tanks. 
(Reproduced with permission from Vetorelli 2004.) 


Hence, the size of newly hatched PL is dependent on the 
larval rearing time, the population density and the quantity 
of food ingested by larvae; probably it is not affected by tank 
shape or size. 

Harvesting PL is similar to that described for M. rosen- 
bergii in Chapter 5. Survival, metamorphosis rate and pro¬ 
ductivity have increased, while time of culture has de¬ 
creased, in the chronological hatchery trials performed over 
the 8 years of research. This indicates that our hatchery tech¬ 
nology for M. amazonicum has been improved. Currently, 
survival (larvae plus PL) of about 70 to 80% and metamor¬ 
phosis rate (only PL) of 60 to 70% at harvest carried out 18 
to 20 days after stocking has become routine (Maciel 2007; 
Vetorelli 2008). Productivity depends mainly on stocking 
densities (Fig. 22.4) and 70 to 80 PL/L is regularly achieved 
(Vetorelli & Valenti 2004; Vetorelli 2008). 

In 1996 to 1998, PL of M. amazonicum were produced 
in Brazil (Para State) at a government hatchery, using tech¬ 
nology similar to that practised for M. rosenbergii (Moraes- 
Riodades 1999). Tanks were filled with 12p.p.t. brackish- 
water and stocked at 100 larvae/L. The productivity was 
40 PL/L after 20 days in 2 m 3 tanks. However, production 
was variable, due to the lack of know-how at that time, and 
several poor results motivated the government to cease M. 
amazonicum production. Until now (2008), no other pro¬ 
duction in large hatcheries for this species has occurred. 
However, much new information has been obtained in ex¬ 
perimental tanks and hence much better results in large- 
scale production would be expected now. 

22.3.4 Feed and feeding strategy 

There are no papers specifically on the nutrition of M. 
amazonicum larvae and information on feeds and feeding 
is scarce. However, larvae are polytrophic and accept live 
feed and inert diets very well. Hence, larviculture has been 
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conducted successfully using basically similar diets to those 
applied for M. rosenbergii rearing, namely Artemia nau- 
plii plus egg custard. The inert diets used in the various 
laboratories show some variation in composition, but they 
fundamentally match the formulation presented in Chapter 
6 (Table 6.5). 

Larvae of M. amazonicum present actively feed on live 
prey or pellets in larval culture. They may feed at all times 
but there is a clear preference for feeding during the day 
(Maciel 2007). This may be related to visual perception, 
which depends on light. In fact, Araujo (2005) observed 
a 40% decrease in weight gain and productivity (PL/L) 
when rearing was performed in total darkness. Ingestion 
rates increase as prey density increases from 2 to 12/mL and 
maximum consumption occurs at stages VI and VII (Maciel 
2007). Araujo & Valenti (2004) observed that most larvae 
experimentally submitted to starvation at stage VIII, suc¬ 
cessfully moulted to stage IX and then underwent metamor¬ 
phosis. Therefore, nutritional reserves for metamorphosis 
may be accumulated during stages VI and VII. 

Araujo & Valenti (2007) observed that larvae in stage I did 
not feed, while live food was accepted from stage II onwards 
and inert food from stage III. Larvae in stages IV, V and VI 
accepted both types of food with no preference, while inert 
food was the favourite in stages VII to IX. Therefore, to feed 
M. amazonicum larvae on Artemia before stage II or on an 
inert diet before stage III is unnecessary, increases produc¬ 
tion costs and may damage water quality. From stage IV 
to VI, feeding on Artemia and inert diet may be required, 
while inert diet should be the main food item from stage 
VII onwards. Araujo ( (2005) showed that almost 100% 
larvae from stage III onwards ate inert diet if it was the only 
food available, but most larvae died before metamorphosis. 
Maciel (2007 found that when Artemia was totally replaced 
with inert diet from either stage V or stage VII onwards, 
metamorphosis rate and total survival were drastically re¬ 
duced. Hence, larvae have a limited capacity for digestion 
and/or assimilation of the nutrients from inert diets. On 
the other hand, as M. amazonicum accept inert diets very 
well, the replacement of Artemia may be successful when a 
suitable diet composition has been determined. 

Feeding strategy includes supplying Artemia nauplii early 
morning (at 8:00 h) from day 2 onwards and 2 meals of in¬ 
ert diet at 10:30 and 13:30 hours from day 6 onward. No 
feed is provided at the harvest day. A quantitative guide for 
each meal is presented in Table 22.1. This table has been 
successfully used as a reference in the laboratories that per¬ 
form M. amazonicum larviculture. It is not recommended 
to feed larvae according to consumption because there are 
indications that M. amazonicum will consume ‘superfluous 
food’ (food in excess of requirements) (Maciel 2007). The 
increased ingestion rate in response to an increase in food 
availability may decrease the time of transit through the 


Table 22.1 Feeding schedule for M. amazonicum 
larvae in hatchery tanks (modified with permission from 
Maciel 2007). One meal of Artemia and two meals of 
inert diet are supplied daily 


Days of 
culture 

Dominant 

stages 

Artemia 

(nauplius/mL) 

Inert diet 
(mg/L/meal) 

2 

II 

4 

- 

3 

II-III 

6 

- 

4 

III 

6 

- 

5 

IV 

6 

- 

6 

V 

8 

8 

7 

V-VI 

10 

8 

8 

V-VI 

10 

10 

9-10 

VI -VII 

12 

10 

11-12 

VIII 

11 

13 

13-14 

VIII 

11 

13 

15-16 

VIII-IX-PL 

11 

15 

17-18 

IX-PL 

12 

17 


gut and consequently the assimilation of nutrients. Thus, 
feeding to satisfy consumption would increase production 
costs without advantage. 

22.4 Nursery 

The Amazon river prawn may be reared in indoor or out¬ 
door nurseries, stocked in tanks, ponds, pens and cages (see 
Chapter 7 for a description of these systems). All of these 
systems have been successfully used at CAUNESP. 

Penteado et al. (2007) studied in detail the interaction 
between stocking density and time of culture in indoor 
recirculating tanks, where water was maintained at 30°C, 
approximately 8 mg/L DO 2 and pH ~8. These authors ob¬ 
served that weight gain was almost stable and productivity 
increased as stock density increased from 2 to 16 PL/L. In¬ 
creasing time of culture from 10 to 30 days did not affect 
survival, whereas weight gain increased significantly. Newly 
hatched PL stocked at 16/L attained 0.1 mg and approxi¬ 
mately 80% survival in 30 days and more than 90% sur¬ 
vival in 20 days. Thirteen 0.1 g juveniles/L may be produced 
monthly. This indicates that M. amazonicum tolerates great 
intensification in nursery systems. 

Kiyohara (2006) studied the effect of intensification in 
pen and cage nurseries set up inside grow-out ponds to pro¬ 
duce juveniles. PL7 were stocked in pens and cages (1 mm 
mesh) for 79 days at bottom densities varying from 20 to 
160/m 2 . Temperatures generally varied from 25 to 32°C, 
pH from 6.5 to 9.5, DO 2 from 3 to 11 mg/L; alkalinity was 
approximately 40 mg/L CaC0 3 and conductivity approxi¬ 
mately 60 p,S/cm. Growth rate was higher in pens and at low 
densities; after harvest, juvenile mean weights ranged from 

1.4 g (160/m 2 ) to 2g (20/m 2 ). In cages, harvested juvenile 
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mean weights varied from 1.1 g (160/m 2 ) to 1.75 g (20/m 2 ). 
Survival was not affected by density, but decreased from 
93% in pens to 82% in cages. Therefore, it is possible to 
produce about 150/m 2 1.4 g juveniles in pens and 130/m 2 
1.1 g juveniles in cages in about 80 days. 

The nursery feeding schedule includes egg custard plus 
commercial diet for the first week after metamorphosis and 
commercial diet alone thereafter. There is no conclusive 
data supporting the necessity to add egg custard during 
the first week. Pellets of 1 to 1.5 mm diameter are suit¬ 
able. Penteado etal. (2007) supplied feed at 100 to 160% of 
prawn biomass, 4 times daily and observed no feed wastes. 
However, Araujo 8t Valenti (2005) observed that the best 
feeding regime (considering the growth rate and feed con¬ 
version rate) was 40% of biomass, divided into 4 meals a 
day. This suggests the occurrence of superfluous feeding 
in M. amazonicum juveniles in the Penteado et al. (2007) 
study, as discussed earlier (see section 22.3.4) for larvae. In 
outdoor nurseries, feed is supplied at a rate of 2.5 g/m 2 or 
7% of biomass (whichever is greater). Feed quantity should 
be re-calculated each week. 

Juveniles can be transported in plastic bags inflated with 
oxygen or in tanks. Experiments using bags showed that 
up to 11.6 g/L of 90 mg juveniles (~ 130 prawns/L) maybe 
transported for 8 hours with 99% survival (Sperandio & 
Valenti 2006). However, 24 hours after delivery, survival 
can decline to 80 to 90% (Sperandio 2004). On the other 
hand, the management of the harvesting, counting and 
transportation of PL or juveniles in plastic boxes manually 
for short distances (a few hundred metres) may not cause 
damage to the animals. Using these procedures, Kiyohara 
(2006) observed 99 and 98% survival 24 and 48 hours af¬ 
ter stocking, respectively. Therefore, checking survival after 
stocking juveniles in grow-out ponds is important. It can 
easily be carried out by stocking a sample of animals in 
a small cage inside the pond and counting the surviving 
prawns on the following day. 


22.5 Grow-out 

Experimental grow-out trials have been performed in 
earthen ponds, pens and cages. Preliminary results sug¬ 
gest that all are acceptable. However, data on culture in 
pens and cages are scarce, whereas data from ponds are 
more consistent. Facilities are very similar to those used for 
M. rosenbergii grow-out farms and most of the informa¬ 
tion in Chapter 8 is valid for setting up a M. amazonicum 
farm. Experiments have been performed in 0.01 to 0.02 ha 
ponds. However, for commercial purposes, 0.1 to 0.5 ha 
ponds are recommended. Farming strategy and farm de¬ 
sign is strongly site-dependent and some models presented 
in Chapter 9 for M. rosenbergii have been tested with M. 


amazonicum since the research programme began. Opera¬ 
tional management of ponds is also roughly similar to that 
presented in Chapter 9 for the giant river prawn. Some 
specific aspects elucidated so far are presented in the sub¬ 
sections below. 

22.5.1 Stocking, growth and production 

M. amazonicum tolerates grow-out intensification and may 
be raised in both semi-intensive and intensive systems 
stocked at very high densities. Moraes-Valenti & Valenti 
(2007) have studied the effect of intensification of M. ama¬ 
zonicum farming in earthen ponds. PL (0.01 g) were stocked 
at densities ranging from 10 to 80/m 2 for 5.5 months. Aver¬ 
age individual weight significantly decreased and produc¬ 
tivity significantly increased as stocking density increased, 
whereas survival was not affected. Growth reduction was 
associated with a decline in the frequency and in the aver¬ 
age weight of GC1 and GC2 male morphotypes as density 
increased. Average survival was 70%, whereas productiv¬ 
ity ranged from 508 kg/ha, when stocked at 10 PL/m 2 to 
2051 kg/ha, when stocked at 80 PL/m 2 . Reduction in growth 
at high densities is compensated for by an increase in the 
number of individuals; survival was not affected by den¬ 
sity and hence productivity dramatically increases. Recent 
experiments suggest that survival was not affected when 
stocking density is increased up to 100 PL/m 2 . The upper 
limit may be even higher. 

Heterogeneous growth strongly affects the production of 
M. amazonicum , in a similar manner to the heterogenous 
individual growth (HIG) of M. rosenbergii (Chapter 16). 
Harvested biomass shows a bimodal distribution in indi¬ 
vidual size classes (Fig. 22.5). A large group of very small 
animals are cropped in low or high stocking densities. This 
group was mainly composed of females and TC and CC 
males. Females decrease their growth rate at maturation, 
which consumes energy for gonadal development. TC and 
CC males display retarded growth but can transform them¬ 
selves into GC1 and GC2. Techniques to accelerate this 
transformation and inhibit female maturation need to be 
developed to increase proportion of the biomass fraction 
composed of the larger prawns. Therefore, research should 
focus not only on increasing productivity but also on reduc¬ 
ing size variation by increasing the frequency of GC1 and 
GC2 males. Thus, knowledge of the mechanisms that reg¬ 
ulate the structure of morphotypes and sexual maturation 
of M. amazonicum is essential. 

Use of management techniques to decrease heteroge¬ 
neous growth, such as selective harvesting, stocking of 
graded juveniles and the use of artificial substrates might 
produce individual weight increases at harvest and conse¬ 
quently increase productivity. In addition, studies should 
be performed to evaluate the possibility of stocking low 
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Fig. 22.5 Distribution of prawn production in individual 
weight classes at different densities. Boxes present the 
total production in kg/ha over a 5.5 month culture pe¬ 
riod, the percentage of biomass in each modal group and 
the percentage of biomass formed by prawns weighing 
more than 7g (which is considered a very good size for 
the market). (Reproduced from Moraes-Valenti & Valenti 
2007, copyright 2007 with permission of Blackwell 
Publishing.) 


densities (<10/m 2 ) in combination with organic fertilisa¬ 
tion rather than pelleted feed. This approach might reduce 
production costs, the time to reach market size and the pro¬ 
portion of submarket sized prawns at harvest. Preto (2007) 
has studied the effect of selective harvesting and grading 
juveniles in M. amazonicum. He observed that these tech¬ 
niques slightly changed the population structure, but did 
not increase productivity. This author considered that the 
time of culture used (3.5 months) in that experiment was 
too short to reveal effects of the two alternative management 
systems. However, Kepeller & Valenti (2006) observed sim¬ 
ilar productivities in a 5 month rearing experiment when 
batch culture and selective culling were compared. Preto 
(2007) pointed out that the use of selective harvesting and 
size-grading juveniles in M. amazonicum grow-out is ex¬ 
tremely hard and labour-intensive work because this species 
is small and is stocked at very high densities. Therefore, 
though these techniques might increase productivity in 6 
to 8 month culture cycles, the operational feasibility (and 
cost-benefit) needs to be evaluated. 

A new approach to the heterogeneous growth problem is 
to provide a different destination for harvested small prawns 
instead of trying to eliminate them from the ponds. Selling 
small prawns as bait or ornamental organisms maybe much 
more profitable than selling large edible prawns (see section 
22.6). There are several specific culinary dishes prepared 
with small prawns and a creative way to arrange and package 
them may add value to small prawns. Development of new 
culinary uses for small prawns is under research in Brazil. 
On the other hand, stocking the harvested TC and CC males 
into ponds that would be used as part of a second growing 
season may also increase net revenue. 

M. amazonicum may be classified as a high productivity 
species compared to other commercial crustaceans, includ¬ 
ing marine shrimp (Moraes-Valenti & Valenti 2007). Preto 
et al. (2008) obtained 550 to 600 kg/ha, stocking 1.2 g ju¬ 
veniles at 10/m 2 in a grow-out experiment lasting 84 days. 
Keppeler 8t Valenti (2006) harvested 500 to 700 kg/ha by 
stocking 0.4 gjuveniles at 20/m 2 during a 145-day grow-out. 
Preto (2007) obtained approximately 1050 kg/ha (mean 
crop of 12 tanks), stocking 0.5 g juveniles at 40/m 2 for 
105 days, whereas Moraes-Valenti & Valenti (2007) har¬ 
vested approximately 1300 and 2050 kg/ha, stocking 40 
and 80 PL/m 2 , respectively over a 165-day period. Nogueira 
(2008) obtained approximately 1200, 1550 and 2050 kg/ha, 
stocking 0.02 g juveniles at 40, 80 and 100 juveniles/m 2 , 
respectively in 135 days. Hence, productivity is greatly af¬ 
fected by stocking density, size of seed and time of culture. 
Productivity increases linearly as population density in¬ 
creases (Fig. 22.6). This suggests that the carrying capacity 
of ponds had not been reached at 80 PL/m 2 . Therefore, 
productivities higher than 4500 kg/ha/year may be attained 
by increasing stocking density. A projected productivity of 




















































































Culture of the Amazon River Prawn Macrobrachium amazonicum 


495 



0 20 40 60 80 100 

Stocking density (PL/m * 2 ) 

Fig. 22.6 Relationship between the estimated an¬ 
nual production (P), and the stocking density (d); 
r 2 = coefficient of determination. Each data-point repre¬ 
sents the mean of 3 ponds. Vertical bars show standard 
deviations. (Reproduced from Moraes-Valenti & Valenti 
2007, copyright 2007 with permission of Blackwell 
Publishing.) 


6 t/ha/yr in tropical regions is highly feasible, as it is possible 
to perform 3 grow-out cycles of 4 months, producing about 

2 t/ha/cycle, stocking 60 day juveniles. Experiments need to 
be performed to confirm this hypothesis. 

Kiyohara (2006) studied grow-out in pens and cages. He 
stocked juveniles at densities varying from 20 to 160/m 2 in 
an experiment lasting 7.5 months. Both types of enclosures 
produced similar results and were considered suitable to 
produce M. amazonicum. Prawns attained a mean weight 
of 8 to 12 g and survival varied from 22 to 58%. Productivity 
strongly increased as density rose and attained about 3500 
kg/ha in one pen at 160/m 2 . However, the mean produc¬ 
tivity (3 pens) at 160/m 2 was 2700 kg/ha. In addition, it was 
observed that high densities did not adversely affect water 
quality. 

22.5.2 Feed and feeding strategy 

Amazon river prawns are omnivorous and easily consume 
most types of food. Fresh vegetable matter or animal flesh, 
small live invertebrates or dry feeds are highly accepted. 
Commercial pelleted feeds produced for marine shrimp or 
tilapia with 32 to 38% crude protein has been used with 
good results. Prawns are fed 1 to 2 times daily at 3 to 9% of 
biomass. The quantity of feed should increase by 10 to 20% 
weekly to compensate for prawn growth. Feed is distributed 
homogeneously over the pond surface. The use of ‘feeding 
trays’ has been investigated. However, prawns fed in trays 


(1 tray/75 m 2 ) exhibited a significant decrease in survival 
and productivity, compared to broadcasting food through¬ 
out the pond, probably due to aggressive and territorial 
behaviour (Preto et al. 2008). Therefore, the use of feeding 
trays as the sole place for feed (as opposed to their ancillary 
use for monitoring consumption) seems to be unsuitable 
for M. amazonicum farming. 

Preto (2007) presented a protocol for feeding M. ama¬ 
zonicum in grow-out ponds stocked with juveniles. Pond 
prawn biomass is estimated every 3 weeks, taking into ac¬ 
count the initial stocking number, an anticipated mortality 
of 1%/week and prawn mean weight obtained by sampling. 
A weight gain of 20%/week is assumed between each sam¬ 
pling date. Extruded marine shrimp feed was supplied. The 
daily feeding rate begins at 9% of prawn biomass and de¬ 
creases by 2%/month to a minimum of 3%. The daily diet 
is divided into 2 meals distributed homogeneously over the 
pond surface at 8:00 and 16:00 hours. The quantity of feed 
is reduced to a half when DO 2 declines to 2.5 to 3.5 mg/L 
and suspended when oxygen is less than 2.5 mg/L in the 
morning. Using this management protocol, apparent feed 
conversion rate varied from 3:1 to 3.7:1. These values are 
really high, indicating that the diet did not match the nutri¬ 
tional requirements of the prawns and/or there was uneaten 
feed left in the ponds. 

Information on M. amazonicum nutrition is very scarce. 
Some experiments with juveniles (PL stocked for 60 days) 
have been performed. It was observed that diets supple¬ 
mented with 200 mg of Vitamin E/kg diet and 0.5 mg 
selenium/kg diet can be recommended (Sampaio et al. 
2004a,b). Growth performance was high when the en- 
ergy:protein ratio was 10:1 (Pezzato etal. 2004). Vitamin C 
and lysine are also important components of the diet. The 
apparent feed conversion rate improved from 3.7:1 to 2.4:1 
and weight gain increased by 40%, simply by adding 50 mg 
ofvitamin C/kg to a purified diet (Falcon etal. 2004). How¬ 
ever, broken-line regression method indicated that the vita¬ 
min C requirement of juvenile M. amazonicumis 150 mg/kg 
diet. The latter methodology showed that lysine require¬ 
ment is 2.2% of the diet or 6.4% of the dietary protein 
(Narvaez etal. 2004). 

22.5.3 Water quality and effluents 

M. amazonicum has been cultured in water that is normally 
acceptable for aquaculture purposes. There is no science- 
based information on water quality specifically suitable for 
M. amazonicum. However, many limnological data have 
been compiled from ponds where culture was successful 
performed. Typical water characteristics of grow-out ponds 
are presented in Table 22.2. 

Intensification dramatically increased M. amazonicum 
productivity, but it also required more addition of feed 
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Table 22.2 Mean ± standard deviation followed by the 
minimum and maximum values of limnological variables 
in M. amazonicum rearing ponds. Each mean 
represents the pooled value obtained for three ponds. 
(Reproduced with permission from Moraes-Riodades 
etal. 2006.) 


Variable 

Morning 

Afternoon 

Dissolved oxygen (mg.L' 1 ) 

4.3 ± 1.3 

1.7-7.9 

7.7 ±2.1 
3.8-11.6 

PH 

7.31 ±0.54 
6 . 21 - 8.68 

8.15 ±0.71 
6.83-9.26 

N-NH 3 + N-NHj (p-g.L^ 1 ) 

91 ±83 

0-335 

53 ± 75 
0-357 

N-NOAirg.L- 1 ) 

42.8 ±21.8 
7.7-87.6 

46.3 ± 25.8 
6.0-128.0 

Total alkalinity (mg.L^ 1 ) 

37.8 ± 10.8 
26.5-87.6 

36.6 ± 9.9 
28.2-82.8 

Conductivity (p-S.cnV 1 ) 

Transparency (cm) 

93.0 ± 19.0 
54.2-174.7 

95.4 ± 19.7 
56.0-182.2 

60.9 ± 11.7 
35.0-85.0 


and/or fertilisers. Consequently, much more material was 
added to the ponds. This could cause a decrease in DO 2 and 
pH, due to the decomposition of organic matter, as well as 
an increase in the quantity of suspended solids and ions 
in the water column provided by uneaten feed, faeces and 
leaching losses. Such processes generally deteriorate water 
quality. It is well known that earthen ponds have internal 
mechanisms to preserve their stability, as occurs in natu¬ 
ral aquatic ecosystems, but the upper limit is site-specific 
and may vary according to the species, management and 
culture system used. Moraes-Riodades etal. (2006) showed 
that intensification of M. amazonicum culture from 10 to 
80 PL/m 2 did not alter D0 2 , pH, transparency, ammonia 
and nitrite concentrations, alkalinity or conductivity, which 
are some of the most important variables for freshwater 
prawn culture. Cluster analysis did not group ponds of 
the same treatments, which may indicate that population 
density was not the major influencing factor on water qual¬ 
ity. Nogueira (2008) studied 10 limnological variables and 
also did not observe any difference when stocking density 
increased from 40 to 100 PL/m 2 . Thus, it seems that M. 
amazonicum semi-intensive grow-out systems have a great 
capacity to accept increasing amounts of allochthonous or¬ 
ganic matter, which is necessary for intensification. It is 
probable that mechanisms of feedback and alternative cir¬ 
cuits of recycling nutrients take part in this regulation. 

Ponds also exhibit the capacity to maintain stability when 
submitted to different management systems. Keppeler & 
Valenti (2006) and Kimpara (2007), measuring about 15 


limnological variables, did not detect changes in water qual¬ 
ity when selective harvesting was applied. Kimpara et al. 
(2006) studied the water quality of ponds stocked with lower 
graded juveniles and upper graded juveniles, and ponds that 
were cull-harvested as opposed to total harvesting. Cluster 
analysis did not group ponds submitted to the same treat¬ 
ments, suggesting that management was not a major factor 
affecting pond water quality. It is possible that other fac¬ 
tors, such as pond position (wind and sunlight incidence 
angles), soil characteristics, etc., may have more influence 
on water variables than changes in management. 

The effluents of M. amazonicum grow-out ponds have a 
low environmental impact. Pond effluents have been inves¬ 
tigated in association with all types of management tested 
(Kimpara 2004, 2007; Keppeler 2005; Keppeler & Valenti 
2006; Rosa etal. 2006; Kimpara etal. 2007; Nogueira 2008). 
Dissolved oxygen, biochemical oxygen demand, chemi¬ 
cal oxygen demand, N-total Kjeldahl nitrogen, P-soluble 
phosphate, P-total phosphorus, chlorophyll, total dissolved 
solids and turbidity are regularly analysed. An example of 
observed values is presented in Table 22.3. Effluent charac¬ 
teristics normally comply with the environment legislation 
permits adopted by several countries around the world. In 
general, most variables did not change with intensification, 
culture strategy or operational management. This indicates 
again that ponds, where the Amazon river prawn is cultured, 
have a great capacity to maintain stability by assimilating the 
load of organic matter and minerals, removing them from 
the water column. As a result, variations in culture mode 
may be undertaken without any increase in environmental 
impact. 

An evaluation of effluent treatment using macrophytes 
tanks has been performed (Silva 2005). The species Ei- 
chornia crassipes and Pistia stratiotis were used alone or in 
combination. It was observed that macrophytes effectively 
remove suspended solids, nitrogen and phosphorus from 
the effluents at low cost. 


22.6 Perspectives 

The production of M. amazonicum is now technically feasi¬ 
ble. Although there are many unclear aspects, currently the 
technology is available for all phases of production. This 
form of aquaculture seems to match the principles of sus¬ 
tainability. Pilot projects need to be performed to scale up 
and confirm the results obtained in experimental work. 

The main constraints are the low fecundity, early female 
maturation (which decreases growth rate), male heteroge¬ 
neous growth, high feed conversion rate and relatively small 
size at harvest of this species. These are the major avenues 
for new investigations; some are already (2009) under re¬ 
search investigation. 
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Table 22.3 Means (± standard deviation) of limnological variables of the 
effluent water. Each mean represents the pooled value obtained for three 
ponds. (Reproduced with permission from Keppeler & Valenti 2006.) 


Variable 

Morning 

Afternoon 

Dissolved oxygen (mgL -1 ) 

5.14 ±1.73 

5.09 ± 1.74 

Dissolved oxygen (%) 

66.11 ±23.58 

61.07 ±20.28 

BOD (mg L -1 ) 

5.63 ±3.39 

4.69 ± 2.49 

pH 

7.26 ± 0.75 

7.48 ± 0.59 

Total alkalinity (mg.L -1 CaCCb) 

44.77 ± 7.87 

44.18 ±4.19 

Electrical conductivity (|jlS cm -1 ) 

89 ± 10 

89 ± 10 

Nitrate (pgL -1 ) 

1181 ± 1302 

1424 ± 2259 

Nitrite (pgL -1 ) 

61 ± 26 

57 ±20 

Ammonia nitrogen (pgL -1 ) 

197 ± 128 

234 ± 153 

Soluble phosphate (mg L -1 ) 

0.044 ± 0.049 

0.064 ± 0.061 

Total phosphorus (mgL -1 ) 

0.122 ±0.075 

0.077 ± 0.073 

Chlorophyll a (pg L -1 ) 

266 ± 194 

271 ± 170 

Chlorophyll b (pgL -1 ) 

91 ± 71 

101 ±59 

Chlorophyll c (pgL -1 ) 

58 ±40 

80 ±65 

Pheophytin (pgL -1 ) 

673 ± 494 

678 ± 411 

Total suspended solids (mg L -1 ) 

0.027 ± 0.042 

0.011 ±0.007 

Turbidity (NTU) 

19 ± 12 

23 ±9 


Cost-return, cash-flow and financial investment analy¬ 
ses have been performed for the hatchery (Vetorelli 2004, 
2008; Vetorelli et al. 2006) and grow-out phases (Moraes- 
Riodades 2005). As these analyses are site-specific, scale- 
specific and totally dependent of the scenario, simulations 
have been carried out to determine the conditions in which 
the farming of Amazon river prawns will be commercially 
feasible. Production costs and other economic indicators 
have been improved during recent years as a consequence 
of the technological advances that have been made. The 
break-even price is about US$ 6.00/1000 PL in the hatch¬ 
ery phase and US$ 5.00/kg in the grow-out phase (Valenti 
2007b). These values are still high and efforts need to be 
made to decrease costs and/or to develop niche markets 
that are willing to pay more for prawns than the traditional 
markets. A very profitable business could be the produc¬ 
tion of Amazon river prawns for bait in the Pantanal region 
(Valenti et al 2008). 
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Approximately 200 species of freshwater prawns of the 
genus Macrobrachium are circumtropical in distribution 
and native to all continents except Europe (Holthuis 1980; 
see Chapter 2). Until the late 1990s only one species ( Mac¬ 
robrachium rosenbergii) was known to be truly commer¬ 
cially established in aquaculture. However, as reported by 
New (2000), active farming of the second highest pro¬ 
ducer freshwater prawn species, M. nipponense, began in 
China at the end of that decade. Since then the expansion 
of this sector of freshwater prawn farming has been ex¬ 
tremely rapid. Production of farmed oriental river prawn 
in China considerably exceeded the national output of M. 
rosenbergii from 2003 to 2007 (Chapter 1). The farming of 
M. nipponense is therefore covered in detail in Chapter 21. 
Another contender for commercial farming status, as in¬ 
dicated by Kutty et al. (2000), was M. amazonicum. Con¬ 
siderable information on the culture of the latter species 
is available but its commercial farming is not yet a reality 
(Chapter 22). 

Ling & Costello (1979) and Holthuis (1980) listed sev¬ 
eral species of Macrobrachium that have great potential 
for aquaculture and were under research for farming in 
many countries during the 1970s. However, most research 
programmes that have focused on Macrobrachium spp., 
other than M. rosenbergii, had ceased in the 1980s and 
1990s. However, as we enter the new millennium, devel¬ 
opments on several are regaining momentum, namely M. 
nipponense in China (Chapter 21), M. amazonicum (Chap¬ 
ter 22) and M. malcolmsonii (which is discussed in this 
chapter). 

Until the late 1990s, the size of the candidate species had 
been one of the major desirable characteristics in species 
selection for freshwater prawn farming. However, as is ob¬ 
vious from the example of M. nipponense, and possibly 
also M. lar, a highly priced prawn which has been suc¬ 
cessfully pond tested in South Pacific countries (Nandlal 
2005), other factors such as taste preference, sale price, ease 
of culture and environmental and biodiversity implications 


are also now considered. For those species that do not yet 
fully qualify as farmed, a combination of favourable aqua- 
cultural characteristics and consumer acceptance factors 
will determine which will be chosen for farming in the 
future. A list of over 25 species, which are under various 
stages of recruitment to aquaculture in the above context, 
is provided in Table 23.1. Besides M. nipponense and M. 
amazonicum, the most serious contenders in this list for 
reaching commercial status are M. malcolmsonii in the In¬ 
dian sub-continent, M. vollenhovenii in West Africa and 
M. carcinus in Central America. Not including these three, 
most of the research on the species listed in Table 23.1 has 
concentrated to date on the biology of the various species, 
information that is a prerequisite to the development of 
larval and grow-out culture systems. Aspects of bioener¬ 
getics and eco-physiological adaptations and biochemistry 
have been studied and a few studies on reproductive phys¬ 
iology, genetics, including transgenics, and health man¬ 
agement exist. Catastrophes in aquaculture, especially in 
marine shrimp culture, owing to auto-degradation of the 
culture system and diseases (Lin 1989; Kutty 1997, 2005; 
World Bank/NACA/WWF/FAO 2002), highlight the need 
to direct more attention to understanding basic physiolog¬ 
ical and behavioural characteristics of these species. This 
information, combined with knowledge of environmental 
interactions, will permit an optimisation of yield while min¬ 
imising environmental degradation. All the species listed in 
Table 23.1, and in the text of this chapter, have a variety of 
local names. However, for clarity, the names used in this 
chapter are their ‘official’ Food and Agriculture Organiza¬ 
tion (FAO) names in English (Holthuis 1980). 

Many published research papers focus on the morphol¬ 
ogy, distribution, larval rearing, physiology, feeding and 
nutrition of a wide variety of Macrobrachium species other 
than those dealt with in this chapter. Few of the results of 
these efforts have been cited here; this chapter concentrates 
on developments and practices geared directly toward the 
realisation of commercial farming. 
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Table 23.1 List of Macrobrachium species (other than those covered in other chapters of this book, namely 
M. rosenbergii, M. nipponense & M. amazonicum) that are farmed or are thought to have aquaculture potential, 
according to the literature. 


Species 

Indigenous location 3 

Adult 

habitat* 3 

Culture 

status 0 

Reference 1 * 

M. acanthurus 

Atlantic Americas: 
from North Carolina to 

Caribbean Islands and South Brazil 

FW/BW 

E 

(1 )(2) (34) 

M. americanum 

Pacific Americas: 

from Baja California (Mexico) to 

North Peru, including the Cocos 
and Galapagos islands 

FW 

E 

(1)(2)(3) 

M. australiense 

Indo-West Pacific 

FW/BW 

E 

(39) 

M. birmanicum 

Indo-West Pacific: 

East India, Bangladesh, lower 

Ganges basin and lower Irrawaddy 
basin, Burma 

FW/BW 

E 

(1) (4) 

M. carcinus 

Atlantic Americas: 

from Florida to the Caribbean 

islands and South Brazil 

FW/BW 

E 

(1) (35)(36) 

M. choprai 

Indo-West Pacific: 

Ganges and Brahmaputra 
river systems 

FW 

E 

(1)(5)(6)(40)(41) 

M. dayanum 

Indo-West Pacific: 

Pakistan, India, Bangladesh 

FW 

E 

(1) 

M. dux 

Eastern Atlantic: 

West Africa from Rio Muni to Zaire 

FW 

E 

(1)(27) 

M. equidens 

Indo-West Pacific: 

Madagascar to South China, 

New Caledonia 

FW/BW 

E 

(1)(2)(6)(7)(8) 

M. felicinum 

West Africa: Nigeria 

FW 

E 

(27) 

M. gangeticum 

South Asia, India 

FW 

E 

(42)(43)(44)(45) 

M. idae 

Indo-West Pacific: 

Madagascar to the Philippines, 

Indonesia 

FW/BW 

E 

(1)(2)(9)(10)(11) 

(33) 

M. idella 

Indo-West Pacific: 

East Africa, Madagascar, India 

FW/BW 

E 

(1)(12)(13) 

M. jelskii 

Atlantic America: 

from Costa Rica and Trinidad to 

Venezuela and Brazil 

FW/BW 

E 

(1)(14) 

M. kistensis 

Indo-West Pacific: India 

FW 

E 

(2) 

M. lanchesteri 

Indo-West Pacific: 

Thailand, Malaysia, India 

FW/BW 

E 

(1)(2)(3)(15)(16) 

(46) 

M. lamarrei 

Indo-West Pacific: 

India, Bangladesh 

FW/BW 

E 

(1)(5)(6)(17)(18) 

(19) 

M. lar 

Indo-West Pacific: 

SPC-Vanuatu, Wallis 
and Futuna 

FW/BW 

E/A 

(1)(47)(48) 

M. macrobrachion 

Eastern Atlantic: 

Senegal to North Angola 

FW/BW 

E 

(1)(28)(29)(30) 

M. malcolmsonii 

Indo-West Pacific: 

India, Pakistan, Bangladesh 

FW/BW 

A/C 

(1)(24)(32)(37) 
(38)(49)(50) 


( continued ) 
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Table 23.1 ( Continued) 


Species 

Indigenous location 3 

Adult 

habitat* 3 

Culture 

status 3 

Reference 3 * 

M. mirabile 

Indo-West Pacific: 

East India, Bangladesh, Burma, 
Thailand, Malaysia, Indonesia 

FW/BW 

E 

(1)(3)(5)(6)(24) 

M. nobilii 

Indo-West Pacific: India 

FW 

E 

(6)(20)(21)(22)(23)(51)(52) 

M. olfersii 

Western Atlantic: 

Florida and Texas, Mexico, 
to South Brazil. Absent from 
the West Indies 

FW 

E 

(1)(25)(26) 

M. rude 

Indo-West Pacific: 

East Africa, Madagascar, 

India, Bangladesh 

FW/BW 

E 

(D(6) 

M. villosimanus 

Indo-West Pacific: 

Northeast India, Bangladesh 

FW 

E 

(1)(2)(5)(6) 

M. vollenhovenii 

Eastern Atlantic: 

Cape Verde Islands and 

Senegal to South Angola 

FW/BW/SW 

E 

(1)(2)(27)(28)(30)(31) 


3 According to Holthuis (1980), except for M. felicinum , M. gangeticum, M. kistensis & M. nobilii. 
b FW = freshwater; BW = brackishwater; SW = seawater. 

3 Highest status of culture achieved to date. C = commercial culture established; A = artisanal culture existing; E = experimental 
or research and development (current or past). 

d (1) Holthuis (1980); (2) New (1995); (3) Brown (1991); (4) NACA (1998); (5) Jhingran (1991); (6) Jayachandran & Joseph 
(1992); (7) Natarajan etal. (1992); (8) R. Tamatamah (pers. comm. 1999); (9) Kingston etal. (1992a); (10) Kingston etal. (1992b); 
(11) Katre & Pandian (1972); (12) Ignatius & Thampy (1990); (13) Kurup et al. (1992); (14) Mendes et al. (1998); (15) Johnson 
(1969); (16) Bensheng &Khoo (1997); (17) Marian etal. (1986); (18) Rao (1992); (19) Singh &Qureshi (1997); (20) Balasundaram 
& Pandian (1982a); (21) Balasundaram & Pandian (1982b); (22) Kumari & Pandian (1987); (23) Kumari 8; Pandian (1991); (24) 
Ibrahim (1962); (25) White (1977); (26) Anderson 8t Fillingame (1980); (27) Mwangi (1984); (28) Marioghae (1987); (29) Kavu 
(1985); (30) Enin (1995); (31) Bello-Olusoji etal 1998; (32) Ninawe (1998); (33) Natarajan etal. (1987); (34) Choudhury (1970); 
(35) F. Herman (pers. comm. 1999); (36) Choudhury (1971a); (37) Rajyalakshmi (1980); (38) Yaqoob (1994); (39) Dimmock et 
al. (2004); (40) Jayachandran (2001a); (41) Jayachandran (2001b); (42) Kanaujia et al. 2005; (43) Prasad & Kanaujia (2006); (44) 
Kanaujia etal (2007a); (45) Soni etal (2007); (46) Shuhaimi-Othman etal. (2006); (47) Nandlal (2005); (48) Nandlal (2006); (49) 
CIFA (2007); (50) Yaqoob (2007); (51) Mariappan (2000); (52) Mariappan et al. (2003). 


23.1 Monsoon river prawn 
(Macrobrachium malcolmsonii) 

A well-established commercial fishery for the monsoon 
river prawn M. malcolmsonii (Fig. 23.1) exists in the Ganges 
and Godavari rivers in India (Ibrahim 1962; Jhingran 1991; 
Tripathi 1992), in the Indus river in Pakistan (Yaqoob 
1994, 2007), and also in the Ganges-Brahmaputra delta in 
Bangladesh (Akand & Hasan 1992). The prawn is reported 
to occur in Myanmar (Burma) and Sri Lanka as well (Kurian 
& Sebastian 1986). The maximum sizes of males and fe¬ 
males are 230 to 243 and 200mm, respectively (Holthuis 
1980; Jayachandran & Joseph 1992; Venketaswamy 1993). 
Both M. rosenbergii and M. malcolmsonii are widely dis¬ 
tributed in India. The former is more abundant in the 
coastal saline affected areas and the latter in the interior 
freshwater stretches of rivers, even ascending over 1400 km 
upriver from estuarine areas (Ibrahim 1962; Rajyalakshmi 



Fig. 23.1 Adult male M. malcolmsonii. (Reproduced 
with permission of Stephen Sampathkumar, India.) 







Culture of Other Freshwater Prawn Species 


505 


1974). Competition between the two species resulting from 
stocking of M. rosenbergii is believed to have led to a re¬ 
duction in M. malcolmsonii abundance in the interior of 
Maharashtra, which is part of the Deccan Plateau (Sankolli 
& Shenoy 2007). In India, it has been widely cultured at 
an artisanal level (Rajyalakshmi 1974; Jhingran 1991) and 
has now reached the stage of commercial culture (Kanau- 
jia & Mohanty 1996, 2007; Sukumaran & Muthukumaran 
2004; Kutty et al. 2007; FAO 2008). This species has also 
been reared in Pakistan at an experimental level (Yaqoob 
1987, 1994, 2007). To date (2008), farming has been en¬ 
tirely based upon the use of wild-caught seeds (see section 
23.1.1), which are usually abundant in the major rivers 
of the sub-continent. Several attempts to develop large- 
scale production of hatchery seeds have been made in India 
(Kanaujia & Mohanty 1992, 1999, 2001; Kanaujia et al. 
1997, 1998a,b, 1999). The Central Institute of Freshwater 
Aquaculture, Bhubaneswar in India has now standardised 
the hatchery technology and rearing of this species of prawn 
(CIFA 2007; Radheshyam 2009). 

FAO did not report any farmed production of M. mal¬ 
colmsonii in India until 2004 but in its 2005 statistics (FAO 

2006) production of 227 and 2451 for 2003 and 2004, re¬ 
spectively was reported. The production increased consid¬ 
erably to reach 39381 in 2005 and 40391 in 2006, the lat¬ 
ter output being valued at US$ 10.702 million (FAO 2008). 
The Marine Products Development Authority of India 
(MPEDA), which promotes and regulates seafood export 
in the country, did not distinguish between the two prawn 
species in its statistical records until early 2008. According 
to MPEDA, both M. rosenbergii and M. malcolmsonii com¬ 
mand the same price in the export market and the latter 
comprises about 10% of total farmed production of fresh¬ 
water prawns in India. Noting discrepancies in national 
statistics of freshwater prawn production, the International 
Symposium on Freshwater Prawns held at Kochi, India in 
2003 recommended that the confusion surrounding the na¬ 
tional production statistics of freshwater prawns needed to 
be resolved; national statistical reports to FAO should in¬ 
clude species other than M. rosenbergii ; and reports of the 
freshwater prawn production in countries such as India and 
Bangladesh should be separated relative to M. rosenbergii 
and M. malcolmsonii (Nair etal. 2007; New 2007). 

According to Yaqoob (2007), a commercial fishery for M. 
malcolmsonii that yields 1000 t/yr exists in Pakistan. Rear¬ 
ing of M. malcolmsonii from hatching to the last larval 
stage suitable for hatchery development was conducted for 
the first time during the 1960s and 1980s by the fisheries 
departments in Pakistan. However, grow-out trials appar¬ 
ently remain experimental (Yaqoob 1994,2007; Kutty etal. 

2007) despite successful larval rearing in the laboratory (Ta¬ 
ble 23.2). The results of work devoted to the larval rearing 
of M. malcolmsonii in Pakistan were published by Yaqoob 


(1987). However, technical problems occurred during this 
trial and resulted in the effort being abandoned at the fi¬ 
nal larval stage without the occurrence of metamorphosis 
(New 1996). However, farming of M. malcolmsonii, based 
on wild seeds, has been revived in Pakistan and trials involv¬ 
ing polyculture with Indian major carp have been initiated. 
Some level of farming this prawn species, though limited in 
capacity, has progressed over the last decade (Yaqoob 2006, 
2007; M. Moazzam Khan, pers. comm. 2007). 

There are no reports of the culture of this species in 
Bangladesh, even though it contributes to fisheries produc¬ 
tion (Akand & Hasan 1992; Kutty et al. 2007). Though the 
species is not indigenous to China, it has been bred success¬ 
fully and some culture trials initiated in Wuxi. However, the 
long period of hatching and larval rearing, combined with 
the loss of eggs from berried prawns, affected PL production 
(Anonymous 2002). 

23.1.1 Seed production 

The adult monsoon river prawn matures and breeds in 
rivers and lakes, the larvae travel down to estuarine waters 
along with the flood waters, and the juveniles return to 
freshwaters, climbing dams and anicuts (irrigation dams) 
in the east-flowing rivers of India that drain into the Bay of 
Bengal and also in the west-flowing Indus River (Pakistan) 
that drains into the Arabian Sea (Ibrahim 1962; Rajyalak¬ 
shmi 1980; Rao 1986; Venketaswamy 1993; John etal. 1998; 
Yaqoob 1999). Several workers (Yaqoob 1987; Rao 1991; 
Kanaujia & Mohanty 1992; Kanaujia et al. 1996; Kanaujia 
et al. 1999) have studied its larval development; selected 
results are included in Table 23.2. The size of females at 
first maturity in the Godavari River was reported to be 
42 mm by Ibrahim (1962), while Rajyalakshmi (1980) re¬ 
ported it to be 68 mm in the Godavari River and 83 mm 
in the Hooghly estuary. Maturation of M. malcolmsonii is 
influenced by prevailing agro-climatic conditions. Earlier 
observations (Rajyalakshmi 1980) indicated that the breed¬ 
ing season in India occurred from April to December, with 
a peak from August to November, depending on the mon¬ 
soon. However, recent studies suggest that the prawn stocks 
in the northeastern coastal Ganges, Hooghly and Mahanadi 
river systems mature and breed during May to October, and 
those inhabiting the southeastern coastal Godavari, Krishna 
and Cauvery rivers during April to November. However, in 
some farm ponds, prawns mature and berried females oc¬ 
cur throughout the year. Pond-reared prawns over 60 to 
70 mm breed 3 to 4 times within a season. According to 
studies at the Central Institute of Freshwater Aquaculture, 
Bhubaneswar, India (CIFA), prawns can be bred through¬ 
out the year using a recirculation system (CIFA 2007). The 
duration of egg incubation has been estimated to be 13 
days (Ibrahim 1962; Rajyalakshmi 1980; Rao 1992). Other 
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Table 23.2 Comparative larval development characteristics of selected Macrobrachium species. 



No. of 

Duration 






zoeal 

(days) 

Temperature 

Salinity 



Species 

stages 

to PL1 

(° C) 

(p.p.t.) 

Feed given 

Reference 

M. acanthurus 

10 

32-42 

? 

21 

Chopped fish, 
crustacean muscles 
and Artemia 

Choudhury (1970) 

M. amazonicum 

9 a 

20 

28 

12 

Artemia nauplii and 

Moraes-Riodades 






egg custard 

etal. (1999) 

M. carcinus 

12 

55-66 

24-28 

14-16 

Chopped fish, 
crustacean flesh 
and Artemia 

Choudhury (1971a) 


12 

45 

28 

16 

Artemia nauplii and 

F. Herman, pers. 






particles of a squid 

comm. (1994) 






egg, vitamins and 
cod liver oil mixture 

Herman et al. (1999) 

M. gangeticum 

11 

20-22 

22-26 

12-13 

Artemia nauplii, egg 
custard, mussel meat 

Kanaujia etal. (2005) 

M. malcolmsonii 

11 

52 

22-30 

14-19 

Tubifex pieces 

Rao (1991) 


8 b 

43-63 

28-31.5 

ll b 

Artemia nauplii, 
fish eggs, boiled 
fish, copepods 

Yaqoob (1994) 



29-45 

28-30 

18—21 c 

Artemia nauplii 

Kanaujia et al.( 1996) 




(29) d 

(19.5) d 





41-43 

28-30 

18—22 e 

Artemia nauplii 

Kanaujia et al.( 1996) 




(29) d 

(20 ) d 




11 

20-22 

27-31 

12-16 

Artemia nauplii 

Kanaujia et al (2007a) 

M. nipponense 

9 

18-20 

23-26.5 

8.3-9.3 

Artemia nauplii 

Kwon 8; Uno (1969) 

M. rosenbergii 

11 

33-36 

27.5-28.5 

12-12.3 

Artemia nauplii 

Uno & Kwon (1969) 


a Guest (1979). 

b Tests at 11 p.p.t. salinity or below only. 
c Tests in natural seawater, survival 22-23%. 
d Average value. 

e Tests in synthetic seawater, survival 12-23%. 


studies indicate that incubation can vary from 10 to 15 days 
at 28 to 30°C (CIFA 2007). Fecundity has been reported to 
range between 3500 and 94 000 for females of 54 to 165 mm 
(Ibrahim 1962; Rajyalakshmi 1980; Venketaswamy 1993). 

The seed production technique standardised by CIFA 
recommends a bio-filter air-lift recirculation system for lar¬ 
val production, the optimal ranges of salinity, temperature 
and pH being 18 to 20 p.p.t., 28 to 30°C and 7.8 to 8.2, 
respectively. Freshly hatched Artemia nauplii are provided 
as food twice daily during the first 15 days, and thereafter 
once daily in addition to egg custard and mussel meat or 
tubiiicid worm 4 times daily. Phased harvesting of postlar¬ 
vae (PL) is facilitated by use of a string of shells, made by 
closely packing oyster and freshwater mussel ( Lamellidens 
sp.) shells on a string; the shells are hung on a plastic rope 
and immersed in a larval rearing tank to provide shelter and 
refuge to newly metamorphosed PL. Once sufficient PL are 


observed, the string of shells are quickly removed from the 
tank and the attached PL are collected (Soni etal. 2007). 

Improved growth and survival are achieved by rearing PL 
at 10 p.p.t., either in well prepared earthen nursery ponds 
with adequate aeration or in recirculating system units, 
rather than by stocking PL directly in grow-out ponds. 
Feeding PL egg custard and chopped mussel meat was found 
to be more effective than other feeds (CIFA 2007). 

Studies on the effect of nutrition on broodstock perfor¬ 
mance by Samuel etal. (1999) have revealed that male repro¬ 
ductive performance, as judged by relative spermatophore 
weight and live sperm count, is seriously affected by feed 
quality. The spermatophore weight decreased to 71% when 
clam meat alone was fed daily; when it was fed on alternate 
days it further decreased to 43%. Also, the live sperm count 
fell to zero in 7 to 8 weeks, and the percentage of abnormal 
sperm increased significantly (60-80%). In contrast, when 
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a mixture of clam meat, squid and pelleted feed was fed, the 
spermatophore weight and live sperm count remained un¬ 
changed during the 8 weeks of observation and no increase 
in abnormal sperm occurred. 

Almost all grow-out production to date (2008) has been 
based on stocking wild-caught juveniles. The principal cen¬ 
tres of collection are situated on the Godavari, Mahanadi 
and Cauvery rivers. In these locations, the Government or¬ 
ganised juvenile capture and distribution for both pond 
culture and stocking in open waters to enhance natural 
fisheries (New et al. 2000; see also Chapter 17). Most of 
this stocking is for polyculture of freshwater prawns with 
Indian and Chinese carp but some monoculture is also be¬ 
ing practised. However, the available supply of wild-caught 
juveniles is inadequate and grow-out production should be 
increased when hatchery-produced seeds become available. 
Juveniles (50 mm; 1.08 g) stocked at 3/m 2 in a 0.1 ha pond 
grew to 111 mm (19.2 g) in 117 days, while 36 mm (0.44 g) 
juveniles grew to 119 mm (25.3 g) in 120 days (Rao 1989). 
Tagged (Peterson disc tag) M. malcolmsonii grew at a rate 
of 11.1 mm and 7.2 g/month. 

Research on the controlled breeding of M. malcolmsonii 
continues. Kanaujia et al. (1999) reported that when adult 
prawns were stocked at 15/m 2 in a recirculation system 
at 27 to 30°C with a 1:5 maleifemale ratio, breeding oc¬ 
curred year-round. Significantly more berried females were 
observed when the intensity of illumination was higher; 
the peak occurred between June and September. However, 
the highest number of larvae per berried (gravid) female 
occurred within January to March and the lowest num¬ 
ber between July and September. Temperature variation 
and test conditions were found principally to influence lar¬ 
val growth and postlarval production of M. malcolmsonii 
(Kanaujia & Mohanty 1999). When larvae (100/L) in 300 L 
air-lift filter recirculation tanks in this study were exposed 
to natural conditions in a top-shaded yard, where the tem¬ 
perature range was high (18-29°C; mean 25.8°C) PL first 
appeared after 69 to 74 days but survival (102-118 PL) and 
growth were poor. In indoor tanks where temperature was 
not regulated (range: 24-28°C; mean 27°C) the first PL ap¬ 
peared after 39 to 49 days and survival was 9 to 11%. Also in 
this study, under controlled temperature (29°C) in indoor 
tanks, the first PL appeared in 25 to 41 days of rearing and 
survival was 17 to 29%. With a view to reducing the cost 
of transportation of coastal seawater to inland hatcheries, 
used water of 18 to 20p.p.t. salinity, which was aged and 
chemically treated (calcium sulphate - 5 g/L and dicalcium 
phosphate - 2 g/L) was compared to freshwater in PL pro¬ 
duction in M. malcolmsonii by Kanaujia et al. (1998b). No 
significant difference in PL production between the two 
media was observed. Kanaujia et al. (1998a) observed mass 
larval mortalities in M. malcolmsonii reared in an air-lift 
bio-filter recirculation system and showed that the bacte¬ 


rial flora, comprising Bacillus, Pseudomonas and Kurthia, 
could be controlled by application of ampicillin, chloram¬ 
phenicol or tetracycline at 1 mg/L in the rearing medium. 

Kanaujia & Mohanty (2001) studied the effect of salinity 
on survival and growth of M. malcolmsonii juveniles and 
found that survival was highest (85%) at lOp.p.t. than in 
freshwater, 5 or 15 p.p.t., but that growth was best in fresh¬ 
water. 

Interbreeding of M. malcolmsonii and M. rosenbergii has 
been attempted (Soundarapandian et al. 1995). Successful 
spawning occurred, but none of the eggs hatched. More 
recently, M. malcolmsonii (male) and M. gangeticum (fe¬ 
male) have been successfully interbred and progeny grown 
to maturity (Kanaujia et al. 2007b). Unilaterally eye-ablated 
female M. malcolmsonii (25-34 g) had a fecundity of 48 476 
to 59 786 and the larval survival was 50 to 53%. 


23.1.2 Grow-out 

Macrobrachium malcolmsonii is an omnivore/detritivore, 
its gut contents containing mud and debris, dipteran lar¬ 
vae and cladocerans (Ibrahim 1962). It also feeds effec¬ 
tively on live prey such as carp and tilapia fry, and tadpoles 
(Sukumaran & Kutty 1979). 

23.1.2.1 Monoculture 

Early grow-out production rates (1974-1983) from mono¬ 
culture ponds ranged between 327 and 774kg/ha/yr 
(Kanaujia & Mohanty 1992). Several other trials have been 
reported (Reddy et al. 1988; Rao et al. 1992; Thangadu- 
rai 1992; Kanaujia et al. 1997). Rao et al. (1992) stocked 
30 000 wild juveniles (25-32 mm) per hectare in four 146 m 2 
earthen ponds, fed a mixture of snail ( Pila globosa) meat 
(10%), mussel meat (25%), groundnut oil cake (20%), 
maize (30%), other cereals (13%) and a mineral mix (2%), 
and obtained a survival of 50 to 75% and a yield of 524 
to 744kg/ha/yr (water temperature 23-37°C). In a con¬ 
trol pond where no feeding occurred, the production was 
213 kg/ha/yr. These authors found that 2% of the harvested 
prawns were infected by a bopyrid parasite. Interestingly, 
Ibrahim (1962) observed that, at times, more than 50% of 
wild prawns were infected with the same parasite. 

According to Kanuajia & Mohanty (1996) and Kanua- 
jia et al. (1997), the ponds used for monsoon river prawn 
culture are typically 0.1 to 1.0ha and 1.0 to 1.5m deep. 
In the case of undrainable ponds (which are the major¬ 
ity) mahua oil cake ( Madhuca indica - defatted seeds con¬ 
tain 10% saponin and 24% crude protein, Shanmugha- 
sundaram & Venkataraman 1982) at 200 to 250 mg/L, or 
urea/bleaching powder at 5 mg/L, is used to kill unwanted 
fish during pond preparation. One week later, the ponds 
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are fertilised with 5 to 10 t/ha of cow manure. Lime is ap¬ 
plied monthly at 100 kg/ha. After an additional 2 weeks, 20 
to 60 mm wild-caught juveniles are stocked at 3 to 10/m 2 . 
A 30 to 40% protein farm-made feed, typically composed 
of oil cakes, tapioca, small shrimp ( Acetes sp.), apple snails 
(Pila globosa), prawn waste, trash fish, poultry feed, etc., is 
fed at an estimated rate of 3% of total biomass. Batch or 
multiple selective harvesting is practised. At a stocking den¬ 
sity of 3/m 2 , the yield ranges from 440 to 553 kg/ha after 6 
months, while 505 to 565 kg/ha/6 months is achieved when 
prawns are stocked at 5/m 2 . Survival ranges from 50 to 52% 
at the lower stocking density to 26 to 32% at the higher. 
Much higher stocking densities (up to 100/m 2 ) have been 
attempted, but survival and yield were poorer. 

Das et al. (1995) found that when juveniles were fed 
isonitrogenous, 35% protein formulated diets containing 
4 different protein sources, namely fishmeal, prawn meal, 
mussel meal and silkworm (at a caloric content of 3.8 to 
4.1kcal/kg), the best results were obtained when prawn 
meal was included at 40%. 

Kanaujia et al. (1997) stocked hatchery produced juve¬ 
niles (30 mm average size) at 30 000 and 50 000/ha into 3 
ponds (0.02 ha each) and fed a 1:1 mixture of groundnut 
oil cake and fishmeal and poultry entrails fed at 5 and 3%, 
respectively, of total biomass. Male prawns attained a size 
of 43 to 200 g and females 17 to 47 g and a production rate 
of 440 to 565 kg/ha was obtained in 6 months. 

In Pakistan, the first pond culture of M. malcolmsonii was 
conducted at Thatta experimental farm (Fig. 23.2), Sindh 
Province during the 1990s. In field trials there, prawns fed 
a supplementary feed (15% CP) grew from a mean size of 
2.0 to 83.5 g, and a production rate of 563 kg/ha/crop was 



Fig. 23.2 The Alam farm for M. malcolmsonii at Thatta, 
Pakistan. (Reproduced with permission of Mohammad 
Mozzam Khan, Pakistan.) 


achieved. Prawns, fed on a supplementary feed of 19% CP, 
grew from a mean size of 4.5 to 52 g, and a higher production 
rate of 599 kg/ha/crop was obtained. The culture of this 
species has also been carried out successfully in ponds at 
the Aquaculture and Fisheries Programme (AFP) of the 
National Agricultural Research Centre in Islamabad, where 
the stocked prawns grew from 0.5 to 38.6 g in 214 days 
and a supplementary feed containing 20% CP was used 
(Yaqoob 2006). M. rosenbergii has not yet been introduced 
into Pakistan, though it was recommended (New 1996). 

23.1.2.2 Polyculture 

Macrobrachium malcolmsonii has been reared in polycul¬ 
ture with a number of Indian and other carp, including 
catla ( Catia catla), rohu ( Labeo rohita), silver carp (Hy- 
pophthalmichthys molitrix), grass carp ( Ctenopharyngodon 
idella ) and common carp ( Cyprinus carpio). In trials us¬ 
ing 146 m 2 earthen ponds, the effect of competition when 
M. malcolmsonii was reared in polyculture was evaluated by 
Reddy et al. (1988). They stocked 60 000 prawn juveniles/ha 
in different combinations: 

(1) prawns, catla and rohu 

(2) prawns, catla-rohu hybrid and rohu 

(3) prawns and rohu 

(4) prawns and grass carp, and 

(5) prawns and common carp. 

The carp densities ranged from 1860 to 4000/ha. The 
prawns were daily fed 100 g of minced apple snail ( Pila 
globosa ) meat per pond. Grass carp were fed with Hydrilla 
spp. at 50% body weight. After 120 to 320 days of culture 
with multiple harvests, prawn production ranged between 
62 to 882 kg/ha (average 443 kg/ha) and survival ranged 
from 7 to 69%. The lowest prawn survivals ranged between 
7 and 14%, and production rates of 86 and 62 kg/ha were 
obtained in trials with prawns stocked with grass carp and 
common carp, respectively (combinations (4) and (5)). The 
highest survival (69%) and production (882 kg/ha) rates 
were achieved using the 3-species (prawns catla and rohu 
combination (1)). In combination (2) (prawns, catla-rohu 
hybrid and rohu), prawn production was 503 kg/ha and 
survival was 51%. These results suggest that polyculturing 
prawns with either common carp or grass carp alone is 
not compatible, due to serious competition for the same 
food sources or, possibly, behavioural interactions. How¬ 
ever, polyculture with mixtures of the Indian major carp, 
catla and rohu, which occupy the surface and water col¬ 
umn niches, appears suitable. No trials were conducted 
with mrigal, which occupies the bottom niche and might 
not be compatible with prawns in polyculture. 
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The polyculture of M. malcolmsonii with carp in farm¬ 
ers’ ponds in Tamil Nadu (India) suggests that the system 
is economically successful. The stocking of larger ponds 
and ‘tanks’ (a term used to refer to seasonal and minor 
perennial earthen reservoirs are often referred to in the 
Indian sub-continent) is spreading into areas where wild- 
caught juveniles are available. Kanaujia & Mohanty (1996) 
reported that prawns were stocked at 15 000 to 20 000/ha 
with 3000 to 7000 catla, rohu, silver and grass carp. A mean 
annual production of 327 kg/ha of prawns and 2084 kg/ha 
of fish were harvested. An unpublished survey of results 
from 6 farmers’ ponds (size range 2.0 to 5.6 ha) (N. Suku- 
maran & J. Christopher, pers. comm. 1999), showed that 
prawns were stocked at 10 000 to 12 500/ha in polyculture 
with carp. The yields were 142 to 165 kg of prawns (215— 
280 g; survival 55-70%) in 7 to 8 months. The prawns 
contributed 6.5 to 7.2% of total pond production. Mac- 
rohrachium malcolmsonii juveniles stocked at 50 000/ha in 
0.025 ha earthen ponds in Andhra Pradesh yielded 440 to 
999 kg/ha/ crop (160 days) with a survival of 44 to 75%. In 
monoculture and mixed culture trials of juveniles in low- 
lying areas along the Godavari River, yields of approximately 
380 kg/ha were usually obtained (Sukumaran & Muthuku- 
maran 2004). These authors reported production levels of 
314 to 808 kg/ha of prawns and about 3000 kg/ha of carp in 
polyculture, when rice bran, groundnut oil cake and fish¬ 
meal were used as feed, in trials at the Badampudi Centre 
of the All India Co-ordinated Research Project. They also 
reported production of 534 to 690 kg/ha/390 days, when M. 
malcolmsonii at 60 000/ha was stocked in monoculture in 
farmers’ ponds. 

A recommended ‘package’ of practices for culture of M. 
malcolmsonii was developed by CIFA 2007 (Radheshyam 
2009). They include eradication of predatory and weed 
fishes with mahua oil cake or other piscicides, stocking 
30 000 to 50 000 PL/ha, and feeding a mixture of ground¬ 
nut oil cake and fishmeal in 1:1 ratio, to achieve a produc¬ 
tion of 500 to 1000 kg following semi-intensive farming in 
undrainable ponds; such ponds are common in the subcon¬ 
tinent. For polyculture, recommended stocking densities of 
10 000 to 20 000 prawn PL/ha and 2500 to 3500 carp/ha 
should yield 300 to 400 kg/ha of prawns and 2000 to 3000 kg 
carp/ha. In ponds where water exchange and aeration are 
possible, prawn stocking densities of up to 100 000/ha are 
recommended. Economic analysis of M. malcolmsonii farm¬ 
ing developed by CIFA indicates that the stocking of 10 000 
prawn PL (priced at US$ 127.62) and 3500 carp fingerlings 
(priced at US$ 38.28) per hectare would achieve a produc¬ 
tion of 400 kg of prawns (priced at US$ 3.83/kg) and 3000 kg 
carp (priced at US$ 0.76/kg). In 6 months gross and net in¬ 
comes of US$ 3828 and 1016 can be realised. 

The following account of prawn farming currently prac¬ 
tised in Pakistan is based on data derived from the re¬ 


turn of a questionnaire from M. Moazzam Khan, Director, 
Marine Fisheries Department, Pakistan. Over 3 hectares 
has been regularly under M. malcolmsonii cultivation since 
1999, maintaining a production level of 500 to 600 kg/ha 
annually. Though the breeding technology has been stan¬ 
dardised, this small-scale culture is fully based on wild seed; 
berried females occur during May to August and Novem¬ 
ber to December in the Sindh River. The mean area of 
grow-out ponds is 0.18 ha. Both monoculture (stocking 
~ 10 000 prawns/ha) and polyculture with rohu and catla 
(each stocked at 250/ha) are practised. Cow manure and 
chemical fertilisers at 250 to 750 kg/ha are applied. Poultry 
feed costing about US$ 25/ton is provided as supplementary 
feed at 25 kg/ha, using feed trays. The prawns are completely 
harvested after six months of culture (July-December). The 
colder months are avoided because low temperature causes 
mortality. The production of M. malcolmsonii is mainly 
used for local consumption but the quantity is unknown. 
This species is reported to be exported mainly to France. 
Farm-gate price ranges from US$ 2.47 to 6.60/kg. No se¬ 
rious disease has been reported. There are good prospects 
for increased prawn production. Inadequacy of prawn seed 
seems to be the main constraint; this topic needs priority 
attention. The successful technologies of hatchery culture 
of M. malcolmsonii developed in India (see section 23.1.1) 
could be adapted to enhance prawn production in Pakistan. 
Utilisation of an indigenous prawn species requires partic¬ 
ular attention, with respect to the need to protect the local 
biodiversity of freshwater prawns and the establishment of 
more sustainable aquaculture systems (Kutty 2005; Kutty 
etal. 2007). 

Some research on M. malcolmsonii in India has been 
conducted since the mid-1990s on feeding and nutri¬ 
tion (Samuel et al. 1999; Soundarapandian et al. 1998; 
Soundarapandian & Kannupandi 2000; Balamurugan et al. 
2003); diseases, with reference to the immune responses 
and susceptibility to Aeromonas hydrophila (Chand & 
Sahoo 2006); and physiological changes experimentally in¬ 
fected with Vibrio alginolyticus and V. anguillarum (Sethi 
etal. 2006). These interesting research efforts will hopefully 
lead to improvements in farming this species. 


23.2 African river prawn 
(Macrobrachium vollenhovenii) 

In Africa, from the point of view of its large maximum size 
(189 mm according to Marioghae, 1987; 182 mm accord¬ 
ing to Brown, 2005), consumer acceptance, high fecundity 
(45 000), salinity tolerance (upper salinity tolerance limit 
27 p.p.t.) and hardiness, the African river prawn (M. vollen¬ 
hovenii) (Fig. 23.3) is believed to have a high potential for 
aquaculture (Mwangi 1984; Marioghae 1987, 1988). More 
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Fig. 23.3 Male M. vollenhovenii, 15.2g. (Reproduced 
with permission of Parcy Abohweyere, Nigeria.) 


recently, workers have also emphasised the high potential 
of this species, especially in extensive culture systems (Elias 
2000; Brown 2001, 2005, 2006; New 2005; SWAC/OECD 
2006; Abowei et al. 2006, Abohweyere 2007; Ebi J. Ansa, 
pers. comm. 2007). However, the actual technical parame¬ 
ters that would be required to establish the farming of this 
species remain to be fully studied, as was the case in the mid- 
1990s (Ajuzie 1994). Despite a few reported culture trials, 
indicated below, the situation remains the same (2008). 

In laboratory tests on predation by M. vollenhovenii, 
prawns were observed to effectively capture and feed on 
Oreochromis niloticus fry and frog tadpoles, suggesting po¬ 
tential value in polyculture with tilapias, where it would 
serve as a control on the over-production and crowding of 
the tilapias, as well as providing an additional crop (Mwangi 
1984). 

Fishing for the prawn is active in the Nun River during 
the rainy season and annual floods in early June through 
to late October. Freshwater prawns, M. vollenhovenii, 
M. macrohrachion, M. felicinum (Fig. 23.4) and M. dux 
(see section 23.5) are fished along river banks fringed with 
vegetation. Women who engage in this activity use basket 
traps baited with groundnut cake. The catches are domi¬ 
nated by M. vollenhovenii during September and October 
and M. felicinum during June to August (Ebi. J. Anza & 
Patricia Anyanwu, pers. comm. 2007). 

The biology of natural populations of M. vollenhovenii 
has been studied in Cross River and Lagos estuaries in 
Nigeria (Bello-Olusoji 1997; Enin 1998), in the Fahe 
Reservoir in Cote d’Ivoire (Etim & Sankare 1998) and in 
Cameroon (Gabche & Hockey 1995). The maximum size 
of M. vollenhovenii in the Fahe Reservoir was estimated 
to be 180 mm (Etim & Sankare 1998), which is similar 
to that observed by Marioghae (1987) (see above). From 
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Fig. 23.4 Male M. macrobrachion , 6.6g. (Reproduced 
with permission of Parcy Abohweyere, Nigeria.) 


observations of berried females and juveniles in catches, 
Etim and Sankare (1998) concluded that this species 
spawns only once annually, the peak period being Au¬ 
gust. Different feeding behaviours of natural populations of 
M. vollenhovenii and M. macrobrachion in the fresh and 
brackishwaters of Nigeria have been investigated by Bello- 
Olusoji et al. (2006). In the freshwater habitat, M. vol¬ 
lenhovenii consumed Cyanophyceae (17.7%), followed by 
cladocerans (14.6%) and Bacillariophyta (5.5%), while AL 
macrobrachion consumed cladocerans (31.1%), followed by 
dinoflagellates (18.5%) and Bacillariophyta (15.6%). In the 
brackishwater environment, the two prawn species had sim¬ 
ilar consumption habits - Bacillariophyta (25.7% in AL 
vollenhovenii and 28.7% in the case of AL macrobrachion ) 
followed by dinoflagellates and cladocerans. 

Some aspects of the physiology and biochemistry of 
AL vollenhovenii have been studied (Udo 8t Taege 1991; 
Adewale 8t Afolayan 2004, 2005). Effects of environmen¬ 
tal pollution on the prawn have been studied by Adeyeye 
(2000), Adeyeye & Adubiaro (2004) and Otitoloju (2005). 
Genetic diversity in the wild stocks of AL vollenhovenii and 
AL macrobrachion in Nigeria is being studied as a project 
of the University of Hull, UK (Anonymous 2007). Process¬ 
ing with specific reference to the use of fermented heads of 
AL vollenhovenii'm feeds have been investigated by Fagbenro 
(1996) and Fagbenro and Bello-Olusoji (1997). 

23.2.1 Seed production 

Willfuehr-Nast et al. (1993) examined rearing salinities of 
0 to 32 p.p.t. and found that highest survival and growth of 
larvae occurred at 16 to 24 p.p.t. Freshwater was reported 
to be lethal for stage I larvae. The rearing techniques were 
similar to those used for AL rosenbergii. This finding does 
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not necessarily mean that all larvae of M. vollenhovenii re¬ 
quire brackishwater for survival. Different strains may pos¬ 
sibly exist, as in the case of M. nipponense (Chapter 21) 
and M. amazonicum (Chapter 22). Larval rearing of AL vol¬ 
lenhovenii is beset with several problems, such as a long 
development time and low survival that may be due to a 
nutritional problem as suggested by Brown (2005). She re¬ 
ported high mortality in larval development, especially in 
stages 6 to 7. To resolve this problem, the Institute of Aqua¬ 
culture, University of Stirling, UK have used nutritionally 
enriched live feeds in their studies. These feeds were pre¬ 
pared by improving their nutritional profile through en¬ 
richment with various nutrients, especially the fatty acids 
EPA and DHA (Tayamen & Brown 1999). In spite of the 
use of enriched feeds, the larval development period re¬ 
mained around 50 days, which is much longer than that of 
M. rosenbergii (Table 23.2). Further improvements in larval 
nutrition in hatcheries based on trials with new feed or¬ 
ganisms derived from the natural environment might lead 
to economically viable hatchery technologies for M. vollen¬ 
hovenii. Until such technologies are available, wild seeds of 
this species could be used to stock extensive culture ponds. 
In Ghana, the PL/juveniles are fried and sold; this usage 
could be profitably diverted to aquaculture. Judicious ex¬ 
ploitation of this natural resource for stocking ponds might 
not upset the natural ecological balance (Brown 2005). In 
ongoing trials on M. vollenhovenii seed production, mature 
prawns collected from the Nun River in Bayelsa State, Nige¬ 
ria have been stocked into broodstock ponds at the Buguma 
Station of the Africa Regional Aquaculture Centre/Nigerian 
Institute of Oceanographic and Marine Research (Ebi J. 
Ansa, pers. comm. 2007). 

23.2.2 Grow-out 

The Lagos State Agricultural Development Project study 
(Marioghae 1988; Elias 2000; Abowei et al. 2006) showed 
that M. vollenhovenii (2 g) stocked at 3/m 2 and fed twice 
daily with a mixture of agricultural by-products (brewer’s 
waste, rice bran and soya bean meal) grew to a size of 14 g in 
60 days. It was concluded that good feeds and water quality 
could ensure successful culture of this species in Nigeria 
(Marioghae 1995 apud Abowei et al. 2006). Brown (2005) 
suggested that extensive polyculture with freshwater fish 
could yield about 150 kg/ha of prawns. 

From a questionnaire (Patricia Anyanwu, pers. comm. 
2007), the following details of M. vollenhovenii culture in 
Nigeria have been provided. Hatchery seed production and 
farming of this species were funded and studied in the 
Lagos State Agricultural Development Project, led by E.L. 
Elias from 1988 to 1994. An indoor recirculation hatchery 
was constructed but seed production trials were not suc¬ 
cessful. Information on larval rearing is essential, owing to 
the demand for prawn seed and the existing opportunities 


for domestic sale and export. Pond culture was conducted 
on small farms (<1 ha) in ponds of 100 to 400 m 2 in size. 
Ponds were dried and limed prior to filling water, followed 
by applications of organic and inorganic fertilisers similar to 
the preparation of tilapia ponds. Juvenile M. vollenhovenii 
were collected from the wild, stocked at 2 to 5/m 2 , mostly 
in polyculture with tilapia ( Oreochromis niloticus), and har¬ 
vested during the tilapia harvest. These Lagos State project 
trials have been discontinued and no widespread farming 
activity presently exists. However, some artisanal culture 
of the prawn does occur in Nigeria. The farm-gate price 
of M. vollenhovenii ranges from US$ 1.00 to 4.80/kg. The 
high potential of prawn culture is recognised and encour¬ 
aged, but the lack of functional hatcheries for regular seed 
production; technical know-how on prawn breeding and 
culture; and information on investment costs and profit 
margins, have been identified as the major constraints in 
the development of commercial culture of M. vollenhovenii 
in Nigeria. 

The availability of technology for farming M. vol¬ 
lenhovenii has been stated (SWAC/OECD 2006), but is 
presently restricted to extensive culture at stocking den¬ 
sities of less than 5/m 2 . The low stocking density is rec¬ 
ommended because of the difficulty in handling M. vollen¬ 
hovenii , as this species readily autotomises its second pair 
of walking legs (clawed legs). A low level farming activity is 
recommended, also because of the possible lack of supply 
of seed for stocking and the likely delay in establishing a 
viable hatchery technology (Brown 2005, 2006). Until the 
hatchery production of seed is standardised and proved 
to be economical, only an extensive culture system based 
on low density stocking of M. vollenhovenii in polyculture 
with suitable finfish species is possible. According to this 
author, the African catfish may need to be avoided in mixed 
culture because of the incompatibility in water quality re¬ 
quirements of the two species. Besides extensive polyculture 
with finfish, as demonstrated in Nigeria, the prawn has also 
been identified as a possible species for integration with 
rice crops (Chapters 11 & 21), though no studies devoted 
to rice-prawn integration have been reported. The adoption 
of farming of the African prawn in West Africa could also 
lead to improved socio-economic status of the rural poor 
and improved freshwater storage in its dry areas, where an¬ 
ticipated climate changes due to global warming could be 
devastating (Brown 2005; SWAC/OECD 2006). 


23.3 Painted river prawn 
(Macrobrachium carcinus) 

The painted river prawn (M. carcinus ) (Fig. 23.5) occurs in 
estuarine river basins from Florida (USA) to south Brazil 
and the Caribbean Islands (Holthuis 1980). Large wild pop¬ 
ulations were present in the USA, Mexico, Venezuela and 
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Fig. 23.5 M. carcinus. (Reproduced with permission of 
Herve Le Menn, Guadeloupe.) 


Brazil until the middle of the 1900s. This species has been 
exploited commercially through artisanal fishing in several 
countries during the past two centuries (Ling & Costello 
1979; Holthuis 1980; Rabanal 1982; Chauvin 1992; Graziani 
et al. 1993; Bowles et al. 2000; Montenegro et al. 2001). 
However, its catch has been declining during the past few 
decades, due to pollution, destruction of natural ecosys¬ 
tems and over-fishing (Valenti 1993; Herman et al. 1999; 
Bowles et al. 2000). A particular problem resides in dam 
constructions that preclude the amphidromous migratory 
behaviour of the species (Bowles et al. 2000; Montenegro 
et al. 2001; Pompeu et al. 2006). Although adults can climb 
some small barrages and circumvent top-release reservoirs, 
impoundments alter downstream water flow and larvae be¬ 
come trapped behind dams. M. carcinus is listed as a vulner¬ 
able or endangered species in some countries (Bowles et al. 
2000; G. Bertini pers. comm. 2009). However, no protective 
policy is in practice. In Brazil, capture in natural waters is 
illegal; however, no actual control powers are exercised. 

Macrobrachium carcinus is the largest neotropical fresh¬ 
water prawn, which lives in fresh and estuarine wa¬ 
ters. Males may reach 230 to 300 mm (Holthuis 1952, 
1980; Dugan & Frakes 1973) and females 170 to 265 mm 
(Holthuis 1952, 1980; Silva etal. 1981). A male of 850 g has 
been observed (F. Herman, pers. comm. 1999), while a 6- 
year-old female of 190 g (210 mm) was reported by Valenti 
et al. (1994). Adults tolerate salinities from 0 to 30p.p.t. 
(Signoret & Brailovsky 2004) and prefer shady areas that 
have plants and rocky shelters (Gamba 1982). M. carcinus 
is an omnivore/detritivore and is territorial and highly ag¬ 
gressive, particularly when the prawns exceed 25 mm (Lewis 
et al. 1966). It can easily walk on very humid ground, and 
then navigate around waterfalls (c.f. M. malcolmsonii, sec¬ 
tion 23.1.1). 

The painted river prawn breeds during the rainy sea¬ 
son, May to October in Barbados (Lewis et al. 1966) and 


February to March in Brazil (Valenti et al. 1986). The size 
at first maturity has been reported as 55 g (Valenti et al. 
1994). Egg incubation time is 19 days (Graziani etal. 1993). 
Fecundity (Lobao etal. 1985) and reproduction and growth 
(Valenti et al. 1986, 1994; Lobao et al. 1986) in wild pop¬ 
ulations of this species have been studied in Brazil. Lobao 
et al. (1985) observed ovigerous females from 20 to 240 g, 
which produced 6000 to 194000 eggs. Valenti et al. (1994) 
observed that M. carcinus grew from 20 to 110 mm in 
14 months in the natural environment. Successful trials 
in farming this species have been achieved in Guadeloupe 
(Herman et al. 1999), but the technology has yet to spread 
to the commercial level there. 

23.3.1 Seed production 

Details of the larval development of M. carcinus are in¬ 
cluded in Table 23.2. Larval rearing was mainly studied in 
the USA, Brazil, Venezuela and the West Indies, including 
Guadeloupe. However, only two mass hatchery facilities 
were installed, both in Brazil, with the goal of producing PL 
to repopulate rivers where the species has become scarce or 
has disappeared (Correa et al. 2004; Pinheiro et al. 2004). 
The first one was constructed in Ceara state (DNOCS - 
Prawn Culture Research Centre) and started to produce 
M. carcinus PL in 2001. There are seven 1000 L tanks in 
operation. Larvae are stocked at 60/L in 14p.p.t. salinity 
brackishwater and cultured for 50 to 70 days. Larvae are 
fed Artemia nauplii, algae and egg custard, which is simi¬ 
lar in composition to that used for M. rosenbergii (Chapter 
5); survival to PL is about 10% (S. Pinheiro, pers. comm. 
2008). Recently (2007), the second M. carcinus hatchery 
became operational at Xingo Institute, Alagoas state. There 
are twenty 1000 L tanks in operation, using 20 p.p.t. salin¬ 
ity brackishwater. They are stocked at 75 larvae/L and the 
larvae are fed Artemia nauplii and egg custard for 50 to 
70 days. Survival to PL is about 12% (E. Correa, pers. comm. 
2008). 

Macrobrachium carcinus mating occurs very rapidly. 
Courtship is short (<13min) or absent (Moreno et al. 
2000; Graziani et al. 2003). Females release an egg mass 
(a 25-30 min process) 12 to 20 hours after mating and in¬ 
cubate the eggs within ovigerous pleopods for 24 to 36 days 
(Moreno etal. 2000). Larval production depends on female 
size and may vary from 5000 to 177 000 larvae per female 
(Dobkin etal. 1974; Dugan etal. 1975; Moreno etal. 2000). 
Several studies have evaluated the optimal salinity for lar¬ 
val development (Lewis & Ward 1965; Choudhury 1971b; 
Moreira et al. 1988; Herman et al. 1999). Graziani et al. 
(1993) observed that the optimal salinity increases at a rate 
of 1 to 2p.p.t./day, reaching a plateau at 15 p.p.t. on the 
ninth day. On the contrary, Herman et al. (1999) observed 
that best results were obtained when larvae were reared at 
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a constant salinity of 16p.p.t. Larvae can tolerate higher 
salinities of up to 21 p.p.t. Valenti (1985) recommended 20 
to 24 p.p.t. These differing results suggest that local popula¬ 
tions, adapted to different environmental parameters exist; 
larval salinity requirements of this species have yet to be 
resolved. 

The first larval stages of M. carcinus are fed Artemia nau- 
plii (Table 23.2) but, after 10 to 12 days (larval stage IV), 
inert diet may be used. Larvae of M. carcinus have been 
reported not to accept fish/squid particles and to tend to 
become cannibalistic during development (Herman et al. 
1999; Santos et al. 2007). A feed schedule using egg custard 
plus Artemia nauplii has yielded the best results (Santos et al. 
2007). However, survival rates are poor, suggesting that the 
feed used may not be suitable. Researchers at the UNESP 
Aquaculture Centre (Centro de Aquicultura da Universi- 
dade Estadual Paulista), Brazil obtained PL using Artemia 
plus an egg-custard diet and survival was good until high 
mortality of the late larval stages began to occur. The possi¬ 
bility of using live prey that increases in size with the growth 
of the larvae probably needs to be explored. 

For comparative purposes, the larval stage index (LSI), 
which is the average of larval stage numbers on a specific 
day, has been plotted against the numbers of days of culture 
for M. carcinus and M. rosenbergii (Fig. 23.6). Up to stage 
IV, reached on the seventh day, the LSI is similar for both 
species, but subsequently the LSI increases more slowly for 
M. carcinus. There is pronounced heterogeneity in length, 
of as much as an order of 5:1 in M. carcinus prior to meta¬ 
morphosis (Herman et al. 1999); as many as four different 
larval stages may be found at the same time in the tank 
(Santos et al. 2007). The first PL appear after 33 to 56 days 
(Herman etal. 1999; Santos etal. 2007); this wide range may 
be related to the temperature or other variables in which 
their larval batches were reared. The duration of the larval 
cycle for M. carcinus is 45 to 70 days (Valenti 1985; Herman 
etal. 1999; Pinheiro etal. 2004; Santos etal. 2007). Survival 
and productivity is low (10-18%; 6-10 PL/L), possibly due 
to cannibalism, and the lack of knowledge on larval re¬ 
quirements. Thus, the hatchery technology established for 
M. rosenbergii is only partly transferable to M. carcinus. 
More information on the biology, food requirements and 
eco-physiological characteristics of M. carcinus is needed to 
establish a reliable protocol for successful larval rearing. 

23.3.2 Grow-out 

Information on grow-out of M. carcinus is scarce, due 
mainly to the lack of seed to perform culture trials. Re¬ 
sults of two grow-out trials conducted in Guadeloupe (F. 
Herman & H. Le Menn, pers. comm. 1999) are described 
below. Two earthen ponds (0.01 and 0.05 ha) were stocked 
with 18 and 10 PL/m 2 (20 mg), respectively. The grow-out 
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Fig. 23.6 Comparison of larval stage index of M. carci¬ 
nus (o) and M. rosenbergii (■) at 28.5 to 30°C. (Modified 
with permission from Herman et al. 1999.) 


schedule (greenwater, 10% water renewal/day, feeding) was 
the same as that practised for M. rosenbergii. Survival was 
low (10 and 12%), possibly due to the ability of the prawns 
to crawl out of the ponds. Growth (length) was similar 
to that of M. rosenbergii during the first 7 months, but at 
comparable lengths M. carcinus was 30% heavier due to the 
weight of its claws. PL can reach an average weight of 29 g in 
7 months and 65 g in 14 months, but exhibit a strong het¬ 
erogeneity. After 14 months rearing, 5 and 15% of the pop¬ 
ulation consisted of large males (> 100 g) and small males 
(< 18 g), respectively The average estimated production was 
1.2 t/ha/year. Provision of shelters within the ponds, fenc¬ 
ing ponds to avoid prawn escapes and selective harvesting 
(culling) would probably improve production. 

23.4 Cinnamon river prawn 
(Macrobrachium acanthurus) 

The Cinnamon river prawn (M. acanthurus ) (Fig. 23.7) in¬ 
habits estuarine river basins from North Carolina (USA) 
to south Brazil and the Caribbean Islands (Holthuis 1980). 
Wild populations of this species have supported fisheries 
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Fig. 23.7 Female M. acanthurus. (Reproduced with per¬ 
mission of Martha Patricia Hemandes Vergara, Mexico.) 


in several countries (New etal. 2000; Porfirio Alvarez, pers. 
comm. 2008; G. Bertini, pers. comm. 2009), but numbers 
are declining because of the same problems noted in sec¬ 
tion 23.2 for M. carcinus (Bowles et al. 2000). This species 
also has an amphidromous life cycle and barrages/dams on 
rivers are certainly a major impediment to its conservation. 
Adults tolerate up to 25 p.p.t. (Signoret & Brailovsky 2004), 
while juveniles were found at 36 p.p.t. (Gamba 1982). 

In contrast to M. carcinus, Macrobrachium acanthurus 
does not demonstrate much aggression or cannibalism. 
M. acanthurus adapts well to temperature and low D0 2 
(Dobkin et al. 1975; Bernardi 1990) and has a high os¬ 
moregulatory capacity (Gasca-Leyva et al. 1991; Gonzales- 
Pena et al. 1998). Its fecundity is high (Granados Berber 
1984; Valenti et al. 1989a) and it is resistant to diseases. 
The Cinnamon river prawn has omnivorous/detritivorous 
feeding habits (Albertoni et al. 2003) and high economic 
value (Gasca-Leyva et al. 1991). All these characteristics 
suggest that this species has aquaculture potential. Growth 
and age in the natural environment have been studied in 
Brazil (Valenti et al. 1987, 1989a). Males are clearly larger 
than females and can reach a medium size of 138 mm in 
18 months; maximum size has been reported to vary from 
166 mm (Holthuis 1980) to 212 mm (106 g) (Contreras & 
Campos Lince 1993). Observed maximum female size is 
106 to 131 mm (Holthuis 1980; Valenti etal. 1987). 

23.4.1 Seed production 

Breeding occurs throughout the year in Brazil, though the 
breeding females concentrate in the summer (Valenti et al. 
1986). Therefore, the collection of reported ovigerous fe¬ 
males may not be a constraint for hatchery operation. Fe¬ 


cundity has been observing to average 5500 for 70 to 75 mm 
females (Granados Berber 1984), while Valenti etal. (1989b) 
observed up to nearly 18 000 eggs. The incubation period 
is 14 days at 27 to 29°C (Martinez Silva et al. 1981). Details 
of the larval development of M. acanthurus are included 
in Table 23.2. Several trials have been conducted and have 
followed the hatchery techniques used for M. rosenbergii. 
The best results have been obtained when the salinity is less 
than 20 p.p.t. (F. Herman&H.LeMenn, pers. comm. 1999); 
Valenti (1985) recommended 15 to 20 p.p.t. Dobkin et al. 
(1974) obtained 10 to 21% survival and the first PL were 
observed 29 to 38 days after hatching under the following 
conditions: salinity 16 to 18 p.p.t.; temperature 29°C; lar¬ 
val density, stocking rate 5 to 20/L; diet of Artemia nauplii. 
Figueroa & Gamino (1992) obtained first PL at 29, 48 and 
57 days after hatching at salinities of 8, 12 and 30 p.p.t., 
respectively; the highest survival was obtained at 12 p.p.t. 
salinity at a larval density of 25/L. According to Ismael & 
Moreira (1997), the best survival was obtained under lab¬ 
oratory culture conditions at 25 to 30°C and 14 to 21 p.p.t. 
Similar to M. carcinus, there is no agreement on salinity 
requirement for M. acanthurus larvae. The low survival ob¬ 
served in the few trials performed until now indicates that 
larval rearing technology for effective culture has yet to be 
developed. 

23.4.2 Grow-out 

Published information about grow-out trials with M. acan¬ 
thurus is very old, suggesting that interest in this species 
may have waned. Dobkin etal. (1974) observed that 15 mm 
prawns grew to an average size of 86 mm in 4 months, with 
a survival of 12%. The average size of males was 86 mm and 
121 mm for females. By selecting the largest PL for stocking, 
an average size of 94 mm was obtained as the proportion 
of males increased. In trials conducted in Mexico during 
a 5-year period, average production of 1.1 t/ha/yr was ob¬ 
tained (Cabrera Cano 1980). A production of 210 kg/ha of 
prawns (average weight 12 g) and 296 kg/ha of fish (70 g) 
was obtained 133 days after stocking wild-caught juveniles 
(average weight 0.03 g) and mullet Mugil incilis (1.8 g) in an 
unreplicated polyculture trial in Colombia (Martinez Silva 
et al. 1977). Gasca-Leyva et al. (1991) stated that M. acan¬ 
thurus has good salinity tolerance, is relatively resistant to 
diseases and handling, achieves an acceptable market size 
within six months in various locations in Mexico, where it 
had been reared both in monoculture and in polyculture 
with carp during the previous few decades. 

M. acanthurus juveniles and adults principally consume 
detritus followed by macroalgae and insect larvae (Alber¬ 
toni et al. 2003). Therefore, this species occupies a low 
trophic level, which suggests a high feed/energy conversion 
efficiency in aquaculture. In grow-out ponds, it probably 
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can be fed an inexpensive pelleted diet, containing low lev¬ 
els of animal protein. However, in spite of the revival of 
interest in the rearing of endemic species, particularly in 
Brazil, there has been no recent progress in the culture of 
M. acanthurus, because its larval rearing technology is still 
problematic. 


23.5 Other species 

In the genus Macrobrachium, Holthuis (1980) lists 48 
species that are consumed as food and hence economically 
important. About half of these species have been examined 
for their potential suitability for aquaculture (Table 23.1). 
The major species which are detailed in earlier sections of 
this chapter are already involved in commercial or artisanal 
aquaculture, or are on the threshold of being farmed. Sev¬ 
eral other species are also important, being involved in some 
stage of species selection for aquaculture. 

23.5.1 Other freshwater prawn species in 
South America 

In South and Central America, the Cauque river prawn 
(M. americanum) is a potential candidate for aquaculture. 
However, published information on its larval rearing or 
grow-out culture is lacking. This species grows to a large 
size, with males reaching a maximum of 250 mm (Holthuis 
1980). The prawn is a part of a commercially important fish¬ 
ery in Mexico, Guatemala and El Salvador. Recent reports 
(2007) indicate that besides M. americanum, M. tenellum 
in Guatemala andM. heterochirus (Fig.23.8), M. hobbsi and 
M. olfersii in Mexico are potential candidate species for 



Fig. 23.8 M. heterochirus. (Reproduced with permis¬ 
sion of Martha Patricia Hernandes Vergara, Mexico.) 


aquaculture. Aquaculture production statistics (FAO 2008) 
show that there was an aquaculture production of 291 of 
indigenous ‘riverprawns net (Macrobrachium spp.) in Mex¬ 
ico, valued at US$ 252 000, in 2006, but information about 
species composition is not available. 


23.5.2 Other freshwater prawn species in Africa 

In West Africa, in addition to M. vollenhovenii (see section 
23.2), the brackish river prawnM. macrobrachion, which 
also grows to a comparatively large size (138 mm), has a 
moderate fecundity (12 000), is hardy and even more ac¬ 
ceptable to the consumer (Kavu 1985; Marioghae 1987; 
Abowei et al. 2006). However, Holthuis (1980), who re¬ 
ported the maximum size of M. macrobrachion to be 78 mm, 
stated that consumers found it less acceptable than M. 
vollenhovenii. This species is generally (only) consumed 
by those who catch it from the capture fisheries. Macro¬ 
brachium felicinum (Fig. 23.4) is also said to be a potential 
candidate for culture (Table 23.1). This prawn, reared in 
ponds in Nigeria, had a highly skewed sex ratio (M 1: F 12) 
(a possibly useful index for use in aquaculture, to be veri¬ 
fied) and high fecundity (average value 1505;range 1029 for 
38 mm to 4349 for 55 mm females); 67% of females were 
found to be berried in November. The prawn is in high 
demand and commands a good price and with acceptable 
fecundity and size, is recommended for aquaculture (Hart 
et al. 2003). Juveniles of these three species are abundant in 
the Niger delta and grow-out trials could easily be carried 
out, using wild-caught juveniles for stocking. 


23.5.3 Other freshwater prawn species in Asia 

In Asia, where a long and successful tradition of aquaculture 
exists, several of the species listed in Table 23.1, especially 
the monkey river prawn (M. lar), the Burma river prawn 
(M. birmanicum), the Gangetic river prawn M. gangeticum 
(considered synonymous with M. birmanicum choprai but 
M. birmanicum continues to be considered a valid species 
(Tiwari 8t Holthius 1996; Jayachandran 2001b; K.V. Jay- 
achandran pers. comm. 2007)), the rough river prawn (M. 
equidens ), the Orana river prawn (M. idae), the riceland 
prawn (M. lanchesteri), the Dimua river prawn (M. villosi- 
manus), the hairy river prawn (M. rude) and M. nobilii 
(Jhingran 1991; Jayachandran & Joseph 1992; Mariap- 
pan 2000; Mariappan et al. 2003; Nandlal 2005; Prasad & 
Kanaujia 2006), have characteristics with possible value for 
aquaculture enterprises. Experimental trials have already 
been conducted with M. idae (Kingston et al. 1992a,b), the 
Kuncho river prawn, M. lamarrei lamarrei (Singh & Qureshi 
1997) and a few other species. 
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In addition to M. malcolmsonii (Section 23.1), the most 
promising species for recruitment to aquaculture in India 
seems to be M. gangeticum, which is the third largest fresh¬ 
water prawn in the sub-continent (Radheshyam 2009). M. 
gangeticum occurs in the stretches of Ganga (Ganges) and 
Brahmaputra rivers in the northeastern region of the sub¬ 
continent; often plenty of 60 to 215 mm size are captured. 
Minimum size at maturity in the wild is 75 mm. Females 
reared in captivity have attained maturity at 85 mm and 
been successfully bred. The incubation time is 12 to 13 days. 
Metamorphosis of M. gangeticus to PL has been achieved 
(Table 23.2) and additional seed production and culture tri¬ 
als are in progress (Kanaujia etal. 2005; Prasad & Kanaujia 
2006; Kanaujia etal. 2007a,b; Soni et al. 2007). 

Even though some of these species of prawns do not grow 
to a large size, they can still succeed if suitable technology 
is developed and examined. The small-sized M. nobilii in¬ 
habits South Indian rivers (Cauvery), grows to a maximum 
size of 77 mm (13 g), has an average fecundity of 3900, 
breeds easily under captivity throughout the year and can 
be cultured in ponds (Mariappan 2000; Mariappan et al. 
2003). The prawn is said to be a favourite source of pro¬ 
tein, affordable to the rural people. Sun-dried juveniles and 
adults (US$ 1.5-2.5/kg) are sold in local markets, usually 
by women fishers. 

Attempts to breed M. lar (see section 23.5.4) are ongoing 
in the Andaman Islands (India). The species is indigenous 
to the Andaman Islands and occurs in streams. The size 
range observed for males is 86 to 112 mm (32-40 g) and 
66 to 106 mm (14-20 g) for females. This species prawn 
moves from freshwater canals in the plains to mountain 
peaks where streams originate and inhabits clear water with 
rocky substrates. Its breeding season is May through to 
August. The larval cycle requires brackishwater, similar to 
M. rosenbergii. It has been reported that its fecundity and 
the duration of larval stages and water requirements have 
been standardised (Sethi & Roy 2007), but actual details are 
not yet available. 

Although small in size (maximum 55 mm) Macro- 
brachium lanchesteri has been recognised as a potential 
aquaculture species and trials have been conducted in the 
Philippines and Malaysia (Johnson 1969; Holthius 1980). 
This species remains in demand in these countries and is 
the preferred species for farming development in Malaysia 
(Zainoddin Jamari & Muhamad Hatta Bin Haji Mahmud, 
pers. comm. 2008). Pollution impacts arising from high 
ambient concentrations of copper and lead on populations 
of M. lanchesteri in Malaysia have been investigated. The 
prawn is reported to have the capacity to eliminate these 
bio-accumulated trace metals (Shuhaimi-Othman et al. 
2006). M. lanchesteri is already being cultured artisanally 
in Thailand and Vietnam (Simon Funge-Smith, pers. com. 
2008 to Michael New), but the quantities produced are 


not available. Several other species, such as M. lacifrons, 
M. mammillodactylus, M. equidens and M. idella , which are 
commercially exploited through capture in the Philippines, 
also have potential value in aquaculture. 


23.5.4 Other freshwater prawn species in Oceania 

Recent reports about the farming of the indigenous monkey 
river prawn (M. lar), referred to as the ‘peoples’ prawn’ in 
Fiji, are impressive. Culture trials focusing on this medium¬ 
sized prawn, which grows to a maximum size of 181 mm, 
were initiated in Malaysia, Taiwan, Hawaii and Tahiti (Ling 
& Costello 1979; Holthuis 1980), but have not continued. 
However, in Vanuatu, a small-scale monoculture trial of 
M. lar is ongoing under the Secretariat of the Pacific Com¬ 
munity, using two 0.05 ha ponds which were stocked with 
wild-caught juveniles. FAO reported that some aquaculture 
activity of M. lar occurred in Vanuatu in 2005 and 2006, 
but no production estimates were provided (FAO 2008). 
Many swamps, which are used for cultivation of the root 
crop taro, are also used for M. lari taro integrated farming 
(terrace farming). As part of traditional farming on Maewo 
Island, juveniles of M. lar are captured with scoop nets 
from creeks and rivers and stocked into swamps created for 
taro cultivation. Taro is first planted on dry land, which 
is then inundated with water to about 0.5 to 0.7 m. Mac- 
robrachium lar juveniles also enter naturally when filling 
occurs. The swamp plots are fertilised with cow manure 
and the prawns are fed with household scraps and grated 
coconut left over from coconut cream extraction. Com¬ 
mercial formulated pellets are also used. Farming occurs 
year-round. Swamps are drained six months after plant¬ 
ing/stocking and both taro and prawn are harvested. Par¬ 
tial harvesting is also conducted when farmers block off 
sections of taro swamp and drain the water from each sec¬ 
tion separately. Anguillid eels, which apparently enter the 
swamps during the flooding, are prawn predators. In tri¬ 
als in Vanuatu, M. lar grew to a size of 20 g in 4 months, 
with a survival of 70% (Nandlal 2005, 2006). In Maewo 
Island, M. lar farming is mainly for subsistence. In Santo 
Island, the prawns are sold to Chinese restaurants at the 
very low price of US$ 0.86/kg; however, in Vila the price is 
US$ 10.81/kg. This species is sold for US$ 8.07 to 13.44/kg 
in Vanuatu and US$ 24.30 to 36.43/kg in Futuna. There is 
potential for M. lar capture-based aquaculture in the is¬ 
lands of Penama, Malaba, Danmar, Shefa, Tafea and Torba 
in the Vanuatu Group. Feed supply and conflicts with tra¬ 
ditional landowners concerning the harvest of wild seeds 
for stocking have been identified as constraints in M. lar 
farming. 

Monoculture and integrated farming with the taro crop 
in Futuna have demonstrated that prawn farming can be 



Culture of Other Freshwater Prawn Species 


517 


a rural development option providing additional food and 
nutritional security and livelihood to island communities. 
Unfortunately, the seed for stocking is presently restricted 
to collection from the wild. Fulfilling the good prospects 
for further development of M. lar farming in the countries 
of the South Pacific, combined with the need to conserve 
natural stocks that are currently subject to intensive cap¬ 
ture, will necessitate the development of breeding and seed 
production technologies. 

Macrobrachium australiense has been recognised as a 
potential prawn species for aquaculture in Australia. In¬ 
terestingly, when morphologically different strains of M. 
australiense were crossed, ‘hybrids’ and pure bred prawns 
looked identical, but when exposed to different environ¬ 
mental parameters under controlled conditions, morpho¬ 
logical differences were prominent (Dimmock et al. 2004). 


23.5.5 Comment 

Considerable research and development efforts are being 
devoted to the culture of other prawn species (Tables 23.1 
and 23.2). It would be advantageous if these efforts could 
be co-ordinated and concentrated to result ultimately in the 
selection of suitable species. Experience with M. nipponense 
in China (Chapter 21) suggests that small adult (harvest) 
size is not necessarily a deterrent to commercial culture if the 
desirable characteristics of the species, especially consumer 
preference and price, are positive and if the technical hurdles 
of larval rearing and grow-out are overcome. 
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The urgent need to increase the global supply of finfish, 
molluscs and crustaceans through the expansion of aqua¬ 
culture activities, in the face of finite supplies from capture 
fisheries, was well-documented during the 1990s (e.g. New 
1991, 1997a, 1998, 1999b; Hempel 1993; FAO 1997c; FAO 
1999; Pedini 1999). During that decade the related topics of 
aquaculture sustainability and responsible aquaculture in¬ 
creasingly became major concerns and were the subject of 
numerous publications, conferences, and workshops (e.g. 
Csavas 1993;Reinertsen&Haaland 1995;ADB/NACA 1998; 
FAO 1998; IFS 1998; Shehadeh 1999; Svennevig etal. 1999). 
Following publication of the FAO Code of Conduct for Re¬ 
sponsible Fisheries (FAO 1995) - which contained a specific 
section (Article 9) on aquaculture and references to aqua¬ 
culture in several other sections of the code (CCRF) - a 
series of specific technical guidelines for responsible fish¬ 
eries, including aquaculture, were produced (FAO 1997a). 
The Holmenkollen guidelines for sustainable aquaculture 
were also drafted (Reinertsen & Haaland 1995) and re¬ 
vised to take account of the CCRF (Svennevig et al. 1999). 
During the 1990s, the private sector tried to promote aqua¬ 
culture sustainability itself and to utilise it as a marketing 
tool. These efforts were founded upon the urgent need 
for aquaculture to cultivate its public image in the face of 
mounting criticism (New 1999a) and led to the preparation 
of codes of practice and conduct (e.g. Anonymous 1999a; 
Boyd 1999; Fegan 1999) and the promotion of ‘organic 
aquaculture’ (Laird 1999a). Discussions about the nature of 
various certification schemes for aquaculture products also 
commenced (e.g. Banks 1998; Anonymous 1999b; Laird 
1999b). 

The promotion of sustainability in aquaculture, the es¬ 
tablishment of certification schemes (ecolabelling), country 
of origin labelling and the emergence of organic aquacul¬ 
ture (Plate 5, facing p. 254) have accelerated during the 
current decade. For example, guiding principles for respon¬ 
sible aquaculture, codes of practice for responsible shrimp 


farming and best aquaculture practice standards for certi¬ 
fication have been introduced by the Global Aquaculture 
Alliance. However, problems in the application of codes of 
conduct and best management practices also emerged, as 
discussed by New (2003). Small-scale producers particu¬ 
larly encountered difficulties in trying to achieve undeni¬ 
ably justifiable goals. Even clustering remote rural farmers 
into groups may not be practically feasible or create use¬ 
ful benefits (Moehl 2005). Doubts were first raised about 
the credibility of self-regulation by the aquaculture indus¬ 
try in 1997 (New 1997b), and New (2003) suggested that 
consumers would become confused by a proliferation of 
ecolabels, ultimately leading to a lack of credibility. The 
FAO COFI Sub-Committee on Aquaculture also noted this 
potential problem in 2002, made certification a priority ac¬ 
tion in 2003, and endorsed its importance in 2006 (FAO 
2002; 2003; 2006). To address this issue, a series of work¬ 
shops organised by FAO and NACA began in 2007 and were 
designed to establish guidelines to create an internationally 
acceptable certification system that will be ‘credible, trust¬ 
worthy and fair’ (Anonymous 2007; FAO 2007). After ten 
years, therefore, the aquaculture sector, principally led by 
the pioneering efforts of the Global Aquaculture Alliance 
(Chamberlain 2007), is slowly but surely coming to recog¬ 
nise the need, not only for sustainable accountability, but 
also transparency in certification. 

This chapter briefly examines management practices of 
freshwater prawn farming and is intended to stimulate 
discussion about whether prawn farming fits within the 
aura of responsible and sustainable aquaculture. The ma¬ 
jor advantages and disadvantages of the culture of Macro- 
brachium rosenbergii are discussed in a qualitative manner. 
As yet, the lack of sufficient data does not permit a quan¬ 
titative evaluation of the social and economic benefits of 
this form of aquaculture, as compared to alternative uses 
of the required resources (either for aquaculture or other 
purposes). 
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24.1 Environmental and social benefits of 
freshwater prawn farming 

Competition for space and other resources is often much 
more severe in coastal than inland areas. Coastal aqua¬ 
culture not only has to compete with many other indus¬ 
trial, maritime, urban, recreational and tourism activities, 
but also may have serious social and environmental conse¬ 
quences if not practised responsibly. For example, serious 
concerns (sometimes real but often inaccurate, exagger¬ 
ated and biased) have been previously expressed about the 
destruction of mangrove communities by marine shrimp 
farming. Freshwater prawns are normally reared inland; 
therefore this form of aquaculture neither competes for 
coastal resources nor harms coastal ecosystems. Site se¬ 
lection is probably the most important factor influencing 
sustainability, and freshwater prawn farming offers more 
flexibility in selection when compared to marine shrimp 
farming practices. Freshwater prawn farming is more eas¬ 
ily integrated into the existing landscape, because there are 
fewer tendencies to conflict with or displace other activities. 

The vast expansion in the production of farmed marine 
shrimp that occurred during the last two decades of the 
20th century was fuelled primarily by the global market for 
this commodity in developed countries, principally Europe, 
Japan and North America. Production afforded the oppor¬ 
tunity of increased foreign exchange earnings for many de¬ 
veloping countries. Their governments, and international 
organisations, seized upon this attractive opportunity to 
create wealth and employment. In particular, the monetary 
allure of marine shrimp farming attracted considerable lo¬ 
cal and foreign private investment in tropical countries. 
However, some investors in marine shrimp farming have 
shown little or no respect for the importance of sustain¬ 
ability. This behaviour prevailed because marine shrimp 
farming yielded rapid returns on investment and ‘worked- 
out’ areas could be easily abandoned. The lack of concern 
of this minority created severe social and environmental 
problems in many countries. Such negative impacts dam¬ 
aged not only the potential for shrimp farming but also the 
reputation of aquaculture in general. The concerned atti¬ 
tudes of social workers, environmentalists and consumers, 
in addition to the concerns of international organisations, 
led to the development of the previously mentioned codes 
of conduct and practice that have had a profoundly positive 
effect on the industry. 

Freshwater prawn culture escaped the attention of those 
concerned with detrimental effects of marine shrimp farm¬ 
ing on the environment and society. This ‘oversight’ was 
not due to its comparatively small scale, but rather a recog¬ 
nition that its ecological impact was not threatening. Even 
though its global scale has continued to increase rapidly in 
some countries, freshwater prawn farming is still less likely 


to have a detrimental impact because prawns cannot be 
reared at densities as high as those commonly used in ma¬ 
rine shrimp farming. As a result, productivity is generally 
lower, and correspondingly management is less labour in¬ 
tensive and the potential for the abuse or waste of resources 
is minimal. Specific negative effects of M. rosenbergii cul¬ 
ture on the environment have yet (2007) to be documented. 
Nonetheless, some inherent dangers (see section 24.2) need 
to be identified, so that this form of aquaculture continues 
to be practised responsibly. 

The key to ensuring the sustainability of freshwater 
prawn culture is achieving the most efficient use of the 
available resources while not altering or compromising the 
environment. The lower densities associated with fresh¬ 
water prawn farming compared to marine shrimp farm¬ 
ing allow for a greater contribution of natural productivity 
towards satisfying nutrient requirements. Maximising the 
proportional contribution of natural productivity, achieved 
through some organic fertilisation practices, will generally 
result in considerable savings in feed costs, thereby decreas¬ 
ing the amount of operational costs. 

Recently, a significant amount of research has been de¬ 
voted to the evaluation of pelleted forms of dietary ingre¬ 
dients and diets for livestock, such as corn gluten, wheat 
middlings and range cubes in prawn production ponds. In¬ 
put of these materials, which contain 17.5 to 23.0% crude 
protein and have poor stability in water, organically fer¬ 
tilise ponds and serve as lower cost alternatives to water- 
stable, nutritionally complete formulated feeds in low input 
production ponds (D’Abramo 2006). Use of these fertilis¬ 
ers enhances the productivity of natural food organisms 
that are preferentially consumed by prawns relative to sink¬ 
ing formulated feeds distributed into production ponds 
(Tidwell etal. 1995). Choice of proper quantity and quality 
has been very effective, as suggested by the results of an 
economic analysis of a 20.2 ha freshwater prawn farming 
enterprise, whereby feeding costs per equivalent weight of 
prawn produced were reduced by 56% and a corresponding 
22.4% savings in variable (operational) costs was realised 
(D’Abramo & Hanson 2007). Use and management of nat¬ 
ural productivity to provide nutrients indirectly to prawns 
in pond culture are definitely important contributors to 
sustainability. 

If a supplemental or nutritionally complete diet is 
needed, the omnivorous nature of freshwater prawns pro¬ 
vides more flexibility in the selection of feed ingredients, 
due to a greater capacity for the digestion of different nu¬ 
trients that serve as sources of energy. Optimising feed ef¬ 
ficiency while reducing feed costs has a greater potential 
in freshwater prawn than in marine shrimp farming be¬ 
cause use of protein as an energy source can be spared. 
With the contribution of natural productivity, supplemen¬ 
tal lower cost diets without fish meal, rather than more 
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expensive nutritionally complete diets, can be effectively 
used (Tidwell etal. 1995). Any reduction in the dependency 
on fish meal will avert the increasing demand by aquacul¬ 
ture for the limited amount of quality fishmeal available. 
This possibility is less likely for the species of marine shrimp 
that are generally intensively cultured and require nutrition¬ 
ally complete diets. 

Closure of the reproductive cycle is an important com¬ 
ponent of aquaculture sustainability, eliminating the need 
for the capture of wild broodstock and the accompanying 
seasonality of production. Dependency on natural stock 
does not provide the regularity in supply and quality that 
can only be achieved through the operation of efficient and 
successful hatchery operations. The marine shrimp farming 
industry remains dependent upon wild broodstock due to 
the chronic problem of control of ovarian maturation and 
spawning. In contrast, captive freshwater prawns mature 
and spawn without the need for any special manipulation 
of environmental conditions or the use of eyestalk ablation, 
which assures the principle of good animal welfare. Such 
considerations are critical for successful access to markets 
for organic products, especially in Europe. The potential 
for organic freshwater prawns is discussed in Chapter 19. 

Farming marine shrimp in inland ponds at reduced salin¬ 
ities became a fashionable strategy to increase culture area 
in some countries during the last half of the 1990s, with the 
intent of avoiding criticism of the social and environmen¬ 
tal consequences of its activities arising from the culture 
of marine shrimp in coastal areas. This practice was un¬ 
dertaken in either specially constructed ponds or existing 
freshwater prawn or finfish ponds. However, this trend be¬ 
came the subject of environmental concern because these 
and adjacent areas might be susceptible to the danger of an 
increase in soil salinity, thereby eliminating the potential 
for other forms of agriculture (Miller et al. 1999; Pongth- 
anapanich 1999). The practice was eventually banned in 
Thailand (Schwantes et al. 2007) and many areas were re¬ 
turned to finfish or freshwater prawn farming, or to agri¬ 
cultural (mainly rice farming) use. In inland areas, prawn 
farming is preferable to marine shrimp farming because 
saline water is not required for survival after prawns have 
metamorphosed from the larval stages. A large proportion 
of marine shrimp farming is either extensive or intensive. 
Both these extremes in the level of culture technology have a 
greater requirement than semi-intensive systems for certain 
resources. In addition, the high densities used in intensive 
culture may increase the potential for environmental pollu¬ 
tion through the discharge of high levels of soluble and solid 
wastes. Semi-intensive technology is ideally suited to fresh¬ 
water prawn farming and the most efficient use of resources 
(Chapter 9). 

The use of M. rosenbergii in polyculture and inte¬ 
grated crop and livestock production has been discussed in 


Chapter 11; it is obvious that freshwater prawns are more 
suitable than marine shrimp for these forms of tropical 
aquaculture than marine shrimp. In those regions where 
both rice - marine shrimp and rice - freshwater prawn cul¬ 
ture is technically feasible, such as in the Mekong Delta of 
Vietnam, the lower stocking densities, investment and feed 
costs and lack of major diseases of Macrobrachium give it 
a distinct advantage for inclusion in an integrated system 
(Lan 2006). M. rosenbergii has also been suggested as a po¬ 
tential candidate for integration with irrigated agriculture 
systems within arid farming regions (Brooks 1998) and in 
all tropical regions (Valenti 2002a,b). 

Some attempts to market the freshwater prawns grown 
in temperate areas of continental USA, as ‘more environ¬ 
mentally acceptable products’ than the products from the 
domestic farming of marine shrimp, have been suggested 
(Chapter 10). While such attempts may assist in stimulat¬ 
ing freshwater prawn farming in these or other temperate 
regions, such campaigns must also have a sound economic 
basis. Also, the encouragement of freshwater prawn farming 
at the expense of marine shrimp culture would be impru¬ 
dent without firmly establishing that it is the more respon¬ 
sible form of aquaculture. Ultimately, success of freshwater 
farming in both tropical and temperate climates is based 
on a matrix of site-specific factors, which include climatic 
suitability, resource quality and availability, consumer ac¬ 
ceptance, marketing tactics and technical competence. For 
example, the economic feasibility of rearing oriental fresh¬ 
water prawns (M. nipponense) in China (Chapter 21) is 
based on an array of factors that are very different from 
those that are critical to realising economic success in the 
culture of M. rosenbergii in the southern states of the USA. 

Marine shrimp and freshwater prawn farming are by 
no means mutually exclusive. Opportunities exist for the 
concurrent expansion of both types of aquaculture. The 
expansion of the global market for marine shrimp, aris¬ 
ing from increasing affluence combined with the limited 
supplies available from the capture fisheries, has fuelled 
noteworthy investment in farming. In the previous and cur¬ 
rent decade, the market for freshwater prawns has become 
more globally oriented (Chapters 17 and 19). However, 
with the exception of a few countries (FAO 2008), supplies 
of prawns from the inland capture fisheries are negligible 
and unlikely to increase. As explained previously, freshwa¬ 
ter prawn farming is more amenable to the development 
of ‘environmentally responsible’ technology, and these in¬ 
herent advantages provide freshwater prawn farmers with 
opportunities to expand their market with a unique product 
that would compete well with marine shrimp in particular 
market niches. 

In many developing tropical countries, marine shrimp 
farming is controlled by a relatively small number of 
entrepreneurs (whose involvement may be indirect and 
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ephemeral) and products are mainly exported. In contrast, 
M. rosenbergii can be farmed at various levels of technology 
as determined by type and level of investment. Some farms 
may be operated by commercial enterprises and accord¬ 
ingly generate significant income and employment. Others 
may be very small, family-operated units, which primar¬ 
ily enhance family income and the local economy. Fresh¬ 
water prawn farming is particularly well-suited to small, 
long-term family businesses, can be practised by relatively 
unskilled fishing and rural people, generates products that 
may be consumed by all social classes and is amenable to 
integration with crop production. Therefore, the cultiva¬ 
tion of indigenous freshwater prawns (whether M. rosen¬ 
bergii or other Macrobrachium spp.) is a highly appealing 
venture for inclusion in government policies and develop¬ 
ment programmes designed to promote sustainable rural 
development. Activities for such programmes may include 
the production of postlarvae for re-stocking purposes, thus 
benefiting rural riverine and lakeside populations, in ad¬ 
dition to supplying prawn farms. Such activities, involving 
M. amazonicum, have been proposed as a rural development 
programme for the Amazonian states of Brazil. 


24.2 Areas of concern 

Certain approaches to M. rosenbergii culture, which are 
also common to other forms of aquaculture, have inherent 
dangers. The main areas for concern include: the practice 
of rearing prawns in domestic effluents (in some coun¬ 
tries); the incidence of disease problems; the widespread 
introductions of M. rosenbergii into regions where it is not 
indigenous; the potential for the loss of genetic diversity 
through initial use of small numbers of broodstock; and 
pollution caused by discharge water. 

Tripathi (1990) noted that the milieu of raw sewage-fed 
ponds in the Calcutta area was highly conducive to the 
culture of M. rosenbergii, but this farming practice was con¬ 
strained by the social stigma and the possible transmission 
of pathogenic diseases. Culture in sewage treatment ponds 
may be more acceptable. In India, the culture of prawns 
in domestic wastewater ponds is a relatively new concept 
and has begun in only a few places, such as West Bengal. 
Ali et al. (1993) described this type of aquaculture as tech¬ 
nologically advanced and becoming more profitable in de¬ 
veloped as well as developing countries. They reported 
that prawns grew rapidly in a secondary oxidation pond, 
strongly suggesting that excellent opportunities for its cul¬ 
ture without any supplementary feeding are possible using 
biologically treated domestic sewage. However, pathogen 
transfer may still occur in such systems, making depura¬ 
tion and/or appropriate cooking essential. Low cost, easy to 
maintain, symbiosis of prawn culture in waste stabilisation 


ponds is claimed to be very promising. Although such farm¬ 
ing techniques distinguish prawn aquaculture as having a 
prospective role in the recycling of nutrients from wastew¬ 
ater, the harvested products are unlikely to be acceptable to 
international consumers or meet the requirements of any 
eco-labelling procedure. 

Despite the belief that freshwater prawns are less suscep¬ 
tible to disease than marine shrimp, due to lower culture 
densities, Nair & Salin (2006) reported significant disease 
problems in India. These rather localised occurrences were 
probably related to the quality of the supply water. Other 
reports of freshwater prawn diseases are presented in Chap¬ 
ter 14. Transfer of pathogenic micro-organisms to humans 
by M. rosenbergii has not been documented, but Nair & 
Salin (2006) have reported the occurrence of Salmonella in 
harvested freshwater prawns. Sustainable freshwater prawn 
farming requires critical monitoring of water quality to 
maintain high standards, whereby susceptibility to faculta¬ 
tive disease organisms is eliminated and product hygiene is 
assured. 

M. rosenbergii is an exotic species in most of the coun¬ 
tries where it is farmed. Generally, the escape of introduced 
species into natural waters can result in two types of nega¬ 
tive ecological impacts: the introduction of new pathogens 
and the establishment of a non-native species population 
that negatively impacts the populations of assemblages of 
native species (competition, predation, etc.). In contrast to 
marine shrimp, the introduction of M. rosenbergii is less 
likely to cause negative impacts on indigenous species be¬ 
cause it requires alternate conditions of brackishwater and 
freshwater to complete its life cycle successfully. Thus, fresh¬ 
water prawns can only successfully colonise a new habitat 
if escape occurs from farms located near the coast. In most 
temperate climates, where M. rosenbergii has been intro¬ 
duced, water temperatures annually fall to lethal levels that 
prevent the establishment of wild populations. However, 
this is not the case in tropical regions. Reports of popu¬ 
lations of M. rosenbergii becoming established following 
escapes from farms in South America have been noted in 
Chapter 9, but no adverse environmental impact from these 
invasions has yet (2008) been documented. In fact, these 
populations are being exploited through artisanal fishing 
in two states of Brazil. In this case, no recruitment of larvae 
or juveniles has been observed, so whether the source of the 
prawns being caught is the chronic occurrence of escapes 
from rearing ponds or an established population has not 
yet been determined. 

The organic residues originating from unconsumed feeds 
and the residues of fertilisers may be important pollutants. 
Generally, the effluent from freshwater prawn ponds is rich 
in nitrogen, phosphorus and solids (Valenti 1996). Suitable 
feeding and fertilising schedules, as well as the use of a stable 
aquafeed with a good feed conversion ratio (Chapter 12) 
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should contribute to minimising this kind of pollution. 
Semi-intensive culture practices that use organic fertilisa¬ 
tion at comparatively low levels of organic input should not 
create a pollution problem. Some culture effluents from 
freshwater prawn farming may effectively serve as a rich 
resource for agricultural use, as Valenti (1996) suggested 
for the irrigation of crops (see section 24.1). Otherwise, 
methods designed to treat effluent effectively prior to dis¬ 
charge should be practised. Towards this aim, good results 
have been obtained in experimental ponds using man-made 
wetlands supplied with aquatic macrophytes (Biudes 2007). 

The farming of other species of Macrobrachium occurs 
in Asia, South America and Africa (Chapters 21-23). In 
particular, the farming of M. nipponense in China already 
has yielded substantial production. Methods designed to 
prevent the escape of prawns from grow-out ponds, and 
the treatment of effluent waters, as well as related studies 
assessing the possible ecological impacts of the introduc¬ 
tion of non-native Macrobrachium spp., are important fields 
for research. In those countries where M. rosenbergii is not 
indigenous, evaluation of the technical and economic vi¬ 
ability of the culture of native species of Macrobrachium 
should be encouraged through research and public policy. 
Meanwhile, compliance with international codes of practice 
and procedures, including guidance concerning the intro¬ 
duction and transfer of aquatic organisms (FAO 1997b), is 
the best strategy. 


24.3 Ancillary benefits 

Freshwater prawn farming may have some ancillary ben¬ 
efits; the most notable of these is as a biological control 
organism. Lee et al. (1982) reported that M. rosenbergii 
preys on the two major South American schistosome vec¬ 
tor snails ( Biomphalaria glabriata and Biomphalaria tena- 
grophila). New (1990) suggested that this foraging charac¬ 
teristic might prove useful if applied in Africa and South 
America, especially when prawns are reared with tilapia. 
According to Roberts & Kuris (1990), prawns greater than 
22 mm in carapace size can consume snails of any size. 
Mahapatra & Datta (1996) noted that the introduction of 
M. rosenbergii into freshwater finfish ponds to control in¬ 
vasions of the molluscs Lamellidens marginalia, Bellamya 
bengalensis and Pila globosa was important in helping to 
strengthen economic returns of farms in the Sundarbans of 
West Bengal. 

24.4 Conclusions 

Some of the concerns noted in this chapter are not spe¬ 
cific to freshwater prawn farming. We believe that the semi¬ 


intensive nature of freshwater prawn farming is a strong and 
fundamental argument for defining it as more environmen¬ 
tally and socially acceptable than marine shrimp farming. 
As a result, the farming of Macrobrachium is sustainable 
aquaculture and certainly lends itself to the integrated use 
of resources for agriculture. 

Research, training and commercial ingenuity are essen¬ 
tial factors in expanding any form of aquaculture. The de¬ 
velopment of formulated larval feeds to solve the problem 
of inconsistent supply and high cost of Artemia cysts, the 
provision of funding for adequate environmental assess¬ 
ments, the development and testing of highly efficient feed¬ 
ing strategies, the establishment of product quality assur¬ 
ance schemes, and the development of diversified products 
to access specific market niches, are important considera¬ 
tions that will benefit the expansion of freshwater prawn 
farming. 

If the freshwater prawn farming sector manages and 
structures itself to deliver good-quality products that meet 
consumer demand, while also practising socially and envi¬ 
ronmentally acceptable production methods, then further 
and substantial expansion of this sector of aquaculture is 
justifiable and inevitable. 
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A/E ratio 220 
abdomen 19, 20, 21, 21 
ablation 

androgenic gland 24, 291, 293, 298 , 326 
chelipeds/claws 330, 333-4 
eyestalk 28, 32, 44, 477, 526 
acclimatisation/acclimation 162, 240 
acetic acid 269 
Acineta 268, 364 

adenosine diphosphate (ADP) 407 
adenosine monophosphate (AMP) 403 
adenosine triphosphate (ATP) 403, 407 
adhesion factor 258, 259 
aeration/aerator 
bubble 245 

in grow-out ponds 152 
in hatcheries 64, 90 
mechanical 245-6, 245 
oxygen transfer efficiency 246 
paddlewheels 245 
splasher 245 
Aeromonas 76, 265, 365 
A. hydrophila 408 
Africa 389-91 

African river prawn see Macrobrachium 
vollenhovenii 

aggression see agonism/agonistic 

behaviour; cannibalism; social 
behaviour 

agonism/agonistic behaviour 318-19 
Ailanthus altissima 219 
alanine 93, 401, 480 
algae 

control by tilapia 198 
filamentous 195, 196, 232, 245, 268 
algicides 163, 252, 269 
alkalinity 30, 61, 111, 112, 130, 163, 168, 
241-4, 241, 243, 246, 252, 269, 
492, 496, 497 

all-female culture see monosex culture 


all-male culture see monosex culture 
Alteromonas 408 
alum 253 

Amazon river prawn see Macrobrachium 
amazonicum 

Amblypharyngodon mola 106, 205-6, 467 
American lobster see Homarus americanus 
American white shrimp see Litopenaeus 
vannamei 
amino acids 93, 221 

free, effect on flavour 401 
see also individual amino acid names; 
nutrition 

ammonia (NH 3 ) 24, 47, 56, 61-2, 65, 
72-3, 111, 158 , 160, 161, 163, 
239,479 
excretion 24, 32 
ionised 43, 72-3, 490 
nitrogen NH 3 -N 24, 111 
tolerance test 77, 242 
total 62, 73, 240, 241, 243, 490, 496 
toxicity 66 , 72, 73, 240, 260, 269, 416 
unionised (non-ionised) 47, 72-3, 122, 
242 

ammonium sulphate 250 
Amphiprion 
A. bicincitus 331 
A. clarkii 331 
amylase 219 

andrectomy 24, 291, 293, 298 , 326 
androgenic gland 24, 44, 172, 293-4, 
325-6 

ablation 24, 291, 293, 298, 326 
anemone fish see Amphiprion bicincitus 
antennae 
first 19 
second 19 
antennal gland 23 
extracts 227 

antennal scale 12, 15, 19, 20, 29 


antenullae 19 
regeneration 31 
antibiotics 76, 261 

indiscriminate use of 262-3 
antimicrobial drugs 262, 265 
appendage deformity syndrome (ADS) 
269 

appendages 18, 19-20, 22, 23, 31, 32 
appendix masculina 20, 21, 21, 25, 44, 
299, 300, 326, 327, 337 
apple snail see Pila globosa 
arachidonic acid (20:4 n- 6 ) 95, 219 
Argentina 3, 377-8 
arginine 221 

Aristichthys nobilis 198, 465, 478 
stocking density 205 
Armadillidium vulgare 300, 302 
Armenia 6 , 392-3 
Artemia 55, 58-9, 73-4, 228, 360 
amino acid profile 92, 93 
cyst disinfection 89-90 
cyst market 87-9, 88 
cyst supply 58 
decapsulation 89-90 
enhancement/enrichment 93-7, 94, 95 
hatching 58, 59, 89-90 
hatching rate 58, 91 
hatching tanks 58-9, 90, 90 
ingestion rate 1 02 
lipid content 92 
nutritional features 91-3, 93 
preparation 87-97 
proximate composition 92 
size 91-2 

vitamin content 92-3, 93 
A. sinica 88 
A. urmiana 88 

artificial brackishwater see brackishwater 
artificial seawater see seawater 
artificial substrates see substrates 
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ascorbic acid see vitamin C 
ascorbyl palmitate 96 
ash 27, 92, 99, 100, 101, 227, 400 
Asia 347-75 

see also individual countries 
Asian catfish see Clarias batrachus 
Asian lung fluke see Paragonimus 
westermani 
asparagine 220 
astaxanthin 29, 75 
attraction, males to females 26 
Atya 383 
Australia 3, 395 
autotomy 31 

avocado Yamigata see Persea americana 
azodrin 251 

Bacillariophyta 510 
Bacillus 76, 408 
B. licheniformis 228 
B. subtilis 77, 97, 228 
backyard hatcheries 57, 80, 452-3 
bacteria 

gram-negative 266 
gram-positive 266 
luminescent 266 
nitrifying 61 
psychotrophic 408, 409 
see also disease; and individual bacterial 
strains 

bacterial necrosis 265, 265, 266 
baculovirus 264 
balloon disease 269, 354 
Bangladesh 3, 66 , 347-9 
farm-made feeds 231 
farmed production 5, 7, 7 
marketing 425-6 
nursery rearing 162 
Barbodes gonionotus 200 
basis 19 

batch culture/system see grow-out, 
monoculture, in ponds; 
harvesting 

BC males see male morphotypes 
behaviour see aggression; agonism; 
cannibalism; chemical 
communication; mating, 
behaviour; social behaviour 
Belarus 392 

Bellamy a bengalensis 528 
benthic 45, 147 
detritus 157, 196 
invertebrates 185, 187, 218 
organisms 127,157, 158 
prey 225 

benzalconium chloride 251 
benzethonium chloride 251 
berried females see females 


betaine 227, 327-8 
Bifido-bacterium 228 
bighead carp see Aristichthys nobilis 
binders see nutrition 
biochemical oxygen demand (BOD) 47 
bio-encapsulation 93, 94 
biofilters see filters, biological 
biological filters see filters, biological 
biomass curve 170, 170 
Biomphalaria 
B. glabriata 528 
B. tenagrophila 528 
biotic community 156, 159 
biotin 93 

birds see predation 

black clam see Villorita cyprinoides 

black gill disease 350 

black spot disease 219, 265-6, 350 

black tiger shrimp see Penaeus monodon 

bladder 23 

blanching see processing and storage 

blood 22, 32, 257, 260 

blue claw males see male morphotypes 

blue crab urine 227 

blue shrimp see Litopenaeus stylirostris 

bopyrid isopods 268, 507 

Botswana 391 

Brachionus plicatilis 75, 86 , 97 
brackishwater 1, 31, 43, 47, 50, 55, 57-60, 
72, 76, 92, 98,219, 242, 283, 
347, 350, 353, 363, 365, 465, 
485, 490, 504, 510, 512, 515-16, 
527 

artificial 66 - 8 , 67 
grow-out 130-31, 154, 161 
larval need for 1, 64, 65 
brain 24, 25 

branchiostegal blister disease see balloon 
disease 

branchiostegal line 19 
branchiostegite 22 

Brazil 3, 63, 65, 375-7, 376, 377, Plate 8 
farm-made feeds 230 
farmed production 5, 7, 375-7 
M. amazonicum 485-97 
M. rosenbergii 375-7, 375, 376, 

377 

harvesting of postlarvae 79 
marketing 438-9 
micro-encapsulated diet 102 
water quality 241 
water/soil variables 243 
brine 8 , 65, 66 , 89, 164, 347, 353, 365, 
409,411 

brine shrimp seeArtemia 
brood chamber 25 
broodstock 40-51 
collection 40-43 


cryopreservation 44-5 
culture systems 67-8 
environmental requirements 46-7 
feeding strategies see feeding 
genetic degradation see genetics 
handling 42-3 
holding systems 45-6 
hybridisation see genetics 
M. amazonicum 489 
M. nipponense 476-7 
maintenance/management 43-8 
male/female ratio 46 
manipulation see genetics 
nutrition see nutrition 
salinity requirements see salinity 
selection 41 
sex ratios 46 
source 40-41 

stocking density see stocking/stocking 
rates/stocking density 
in temperate zones 181 
transport 42-3 

Brunei Darussalam 371-2, 374-5 
Bryozoa 241 

bulls see male morphotypes 
Burma river prawn see Macrobrachium 
birmanicum 

business planning and management 
aquaculture 448-50 
staffing 449 
see also economics 

C6/C36 mosquito cell line 264 
cadaverine 228 
cadmium (Cd) 251 
cages 

for grow-out cage culture see grow-out 
monoculture, in cages and 
pens 

for hatching eggs and rearing larvae 48 
196, 198, 374, 489 
nursery 109-10 
calcite 32 

calcium (Ca) 30, 32, 65, 241-2 
calcium carbonate 65, 241, 242-3 
calcium hydroxide 250 
calcium hypochlorite 250 
see also disinfection 
calcium oxide 242, 250 
calcium peroxide 249 
calcium sulphate (gypsum) 244 
Callinectes sapidus 402 
Cambodia 372 
Canada 385 
Cancer 

C. carcinus 13 
C. jamaicensis 13 
C. squilla Linnaeus 14 
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Candida 267 
C. sake 267 
C. utilis 96 

cannibalism 1, 45, 48, 56, 68-9, 73, 76-7, 
78, 108, 109, 111, 114, 117-19, 
181, 187, 195, 196,318, 322, 
329, 331,371,513,514 
capture fisheries 2, 40, 172, 346, 347, 358, 
364, 370, 373, 383,407, 515, 526 
carapace 317 

carapace/propodus length relationship 
317 

carbohydrase 219 
carbohydrates see nutrition 
carboxypeptidase 219, 406 
Carcinus maenas 30 
Caribbean 381-5, 383 
Carica papaya 208 
carideans 21 , 21 

circulatory system 22 
carpus 12,19, 20 

catfish see Clarias batrachus; Mystus 
planiceps 

Catla catla 200, 202, 207, 348, 466, 508 
Cauque river prawn see Macrobrachium 
americanum 

cecae 23 

cellulase 219 

Cellulomonas 76 

cellulose 199, 223 

Central America 380-81 

cephalon 19 

cephalo thorax 19 

cetylpyridinium chloride 251 

channel catfish see Ictalurus punctatus 

Chanoschanos 466 

Chara 113 

chefs 401, 435 

chelae 19, 31 

chelipeds 15, 18, 19-20, 31, 326 
chemical communication 197 
chemoattractant 227 
chemoreceptors 20 
chemotherapy 262 
chemotrypsin 406 
Cherax quadricarinatus 389 
Chile 378 
China 2, 3, 349-52 
farmed production 7 
M. nipponense 6, 7 
M. rosenbergii 5, 7, 7 
total 7 
feeds 164 

M. nipponense farming 476-80, 

476 

nursery rearing 162 
pen culture 155 
polyculture 202 


Chinese river prawn see Macrobrachium 
nipponense 

Chinese white shrimp see Penaeus 
chinensis 

chironomids 218, 333 
chitin 28 
chitinase 219 
chitosan 28 
chloramine 57 
chloramphenicol 251, 263 
Chlorella 55, 371 
chloride 65 
chlorination 248 
chlorine (Cl) 180, 243, 266 
Chlorophyta 113, 268 
cholesterol 221-3 
chromium (Cr) 65 
Chryseomonas 76 
Cinnamon river prawn see 

Macrobrachium acanthurus 
circulatory system 21 - 2 , 22 
Cirrhinus mrigala 200, 202 
Clarias batrachus 166, 465 
clarosan 251 
claws see chelae 

climatic factors see ponds, site selection 

Clostridium perfringens 408 

coelomosac 23 

collagen 404 

collagenase 44, 406 

Colombia 3, 378 

Colossoma 

C. macropomum 465 
C. mitrei 207 
colour 

of larval tanks see larvae 
of male chelae see male morphotypes 
of prawns 18-19, 408 
commercial feeds see feeds 
commercial prawn farming 346-96 
commercial status of prawn farming see 
status 

common carp see Cyprinus carpio 
compensatory growth see growth 
competitors 164-6 

control of 164-6, 165, 166 
composition 
feed see feeds 
prawns 400 
condition 256 

condition index of larvae see larvae 
constraints 8-9, 481-2 
continuous culture see grow-out, 
monoculture, in ponds; 
harvesting 
Cook Islands 396 
cooking 414, Plate 8 
see also recipes 


copper (Cu) 65, 251 
copper sulphate 251, 251, 252 
coprophagous 228 
copulation see mating behaviour 
corallanid isopod 268 
Corineformes 408 
cornea 19 
Costa Rica 3, 380 
marketing 439 

costs, investment and operating see 
economics 
Cote d’Ivoire 391 
Cothurnia 268 
coxa 19 
Crangon 421 
creatine phosphate 407 
crop rotation 205-6, 351, 361, 371, 478 
crustacean hyperglycaemic hormone 
(CHH) see hormones 
Cryphiops 14 

Ctenopharyngodon idella 196, 200, 204, 
252, 348, 465, 508 
stocking density 205 
Cuba 381 

cull-harvesting see harvesting 
culture systems see broodstock; grow-out; 
hatchery; nursery 

culture in temperate zones see temperate 
zone culture 
cuticle 28, 29, 32, 257 
Cyanophyceae 510 
cyanophyta 268 
Cyprinus carpio 200, 204, 508 
stocking density 205 

dactylus 19 
Daphnia 118 

Debaryomyces hansenii 267, 363 
decapsulation see Artemia 
density see stocking/stocking 

rates/stocking density 
diatoms 103 
diet see feeds 

dietary preferences, natural 196, 199, 218 
digestibility 89, 98, 101, 221, 225 
digestion 219 

digestive physiology 218-19 
digestive system 23 

Dimua river prawn see Macrobrachium 
villosimanus 
disease 263-70, 482 
bacterial 76, 265-6, 265 
control 262-3 
environmental 269 
fungal 267-8, 267 
rickettsia 266-7 

syndromes of unknown aetiology 
269-70 
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disease ( Cont .) 
viral 263-5 

see also epibionts; health; parasites 
disinfection 55, 56, 57, 67, 76, 250 
of Artemia cysts 89-90 
of grow-out ponds 248, 250 
of hatcheries 76 
of processing facilities 404 
dissolved oxygen (DO 2 ) 43, 64, 65, 65, 72, 
111, 112, 121, 130, 131, 144, 
157-8, 161, 163, 164, 182, 186, 
198, 201, 239, 240, 242, 244-7, 
249, 252, 257, 260, 268, 269, 
353,480, 481,490, 492, 495, 
496, 496,514 
dissolved solids 65 
diverticulae 23 

docosahexaenoic acid (DHA; 22:6 n-3) 

92, 94, 95, 100 

domestication 41, 168, 224, 285, 288 
dominance hierarchies 318-19 
Dominica 3, 381-2 
Dominican Republic 382 
dorado see Mahi mahi 
dot-blot hybridisation 261 
dragonflies see insects 
drain harvesting 166-7 

EAA see nutrition 
ecdysis 28-31 

ecdysis obstacle disease see exuvia 
entrapment disease 
ecdysone see hormones 
ecdysteroids 28, 30, 34 
economic modelling 468-9 
bioeconomic modelling 468-9 
risk modelling 469 
economics 448-69, 482 

costs and profitability 452-64 
growout 459-64 

comparative cost analysis 463-4, 
464 

costs and profitability 459-64 
hatchery 452-8 

comparative cost analysis 457-8, 
458 

investment 452-5, 453-5 
operating costs and profitability 
455-7 

nursery 458-9 

polyculture and integration 206-11, 
209 ,464-8 

high technology production 191-2 
income 195, 206-7, 209, 335, 450, 460, 
509,527 
see also value 

see also financial feasibility analysis; 

financing aquaculture projects 


ecotypes 279 
Ecuador 378 
edge effect 117 
EDTA 65 

EED see exuvia entrapment disease 
EFA see nutrition 

egg custard see feeds, hatchery, inert 
eggs, prawn 25, 27 

chemical composition 27 
colour and ripeness 41 
hatching rates 47 
incubation 49-50 
number see females, fecundity 
Egypt 3,390-91 
Eichhornia crassipes 253, 496 
eicosapentaenoic acid (EPA; 20:5 n-3) 92, 
94, 95, 100,219 
ejaculatory ampullae 317 
El Salvador 380, 381 
ELISA 261 

sandwich enzyme linked 

immunosorbent assay 
(S-ELISA) 261 

triple antibody (TAS-ELISA) 261 
endites 20 

endocrine control 27 
endopods 20 
endosulfan 251 
endrin 250 
energy see nutrition 
enhancement, fisheries see fisheries, 
enhancement 
Enterococcus 266, 408 
environment 482-3 
see also sustainability 
environmental 

control of size variation 327-8 
impact assessments (EIA) 129, 482-3 
environmental protection 172-3 
enzyme action 219 
enzymes 

collagenolytic 44, 406 
dietary see nutrition 
effect on texture see texture 
lipolytic 219 
proteolytic 219 
Ephelota 268 
epibionts 268-9 
Epistylis 42, 241, 268, 364, 388 
escapes see environmental protection; 
introductions 

essential amino acids EAA see nutrition 
essential fatty acids EFA see nutrition 
esterases 219 
Europe 391-3 

eutrophic/eutrophication 156, 195, 239, 
253,267 

excretory system 23-4 


exocytosis 259 
exoskeleton see cuticle 
extra small virus (XSV) 42, 261, 263-4, 
353 

extrusion of feed 182, 225 

exuvia entrapment disease (EED) 219, 

220, 270, 370 
exuviae 29 

eyes 19 

see also ablation 
eyestalks 19, 27 
ablation 28, 32, 44, 477, 526 

FAA see free amino acids 
faecal pellets of freshwater prawns 23 
faeces, fish 117, 199 
FAO Code of Conduct for Responsible 
Fisheries 524, 528 
Farfantepenaeus 
F. duorarum 21 
F. paulensis 402 
farm design 160 
farming 

constraints to 8-9, 481-2 
expansion of UNDP/FAO project 2, 
524,528 

forecasts of future production from see 
status, of global freshwater 
prawn culture 
opportunities for 8 
status of see status 
see also grow-out; hatchery; nursery 
fatty acids 

essential (EFA) 59, 92, 94, 96, 221, 

222 

synthesis 92, 100 

see also individual fatty acid names; 
nutrition 

FCR see feed conversion ratio 

fecundity see females 

feed conversion ratio 155, 158, 171-3, 

187-9, 191, 199, 204, 205, 207, 

221, 223-4, 226, 228-9, 232, 
240, 328, 330, 332, 348, 351, 
354, 361,362, 366, 371,374, 
376, 378, 380, 382, 384, 386, 
388, 389, 393, 394, 426, 527 

feeding 86-103, 218-32, 491-2, 492 
behaviour 75, 102, 196, 328, 510 
of broodstock 47-8 
frequency 492 

of grow-out animals 479-80, 495 
polyculture 199 
of juveniles 117-18, 118 
of larvae 73-5, 102-3, 102, 103 
phase-feeding 189 
strategies 231-2 
trays 227, 374, 495 
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feeds 86-103, 218-32, 491-2 
composition 227, 230, 231 
grow-out see feeds, grow-out, 
formulae 

inert see feeds, hatchery, inert 
desirable characteristics of 86-7 
effect on behaviour see flavour 
farm-made 229-31, 229, 230, 231 
grow-out 230-31 
larval 219 

FCR see feed conversion ratio 
grow-out 224-31, 479-80, 495 
commercial 224-8, 225, 227 
protein level 225 
complete 225 
cost of 230 

experimental 224-8, 225, 227 
formulae 227, 230, 231 
natural 225 
palatability 227 
supplemental 225 
water stability of 225 
hatchery 

inert 74, 98-102, 99, 100, 101,102 
live seeArtemia ; Brachionus plicatilis; 
Moina micrura 
ingredients 225, 228-9 
juvenile 220-24 
larvae 219-20 
natural 225 
organic Plate 5b 
see also nutrition 
females 

berried 20, 28, 40, 47, 353, Plate 2b 
fecundity 41 

gravid see females, berried 
ovigerous see females, berried 
selection 41-2 
spawning 25-6, 27 
spawning system 25 
see also monosex culture; sex reversal 
fence culture 155 
Fenneropenaeus 
F. chinensis 198, 350 
F. indicus 264, 266, 374 
F. merguiensis 403 

fertilisers/fertilisation 186, 186, 250, 479 
mineral chemical 244-5 
organic manures 189, 245 
fibre see nutrition, fibre 
Fiji 3, 393-4 
filter media 62 
filters 

biological 61-2, 61 

see also filter media; substrate 
activation 
mechanical 63 

financial feasibility analysis 450 


financing aquaculture projects 450-52 
sources of capital 451-2 
types of financing 451 
fish see individual fish names; 

plankton-feeding fish; 
polyculture 

fish/prawn interactions see interactions 
fisheries 

enhancement 346-96 
freshwater prawn 346-96 
social 355, 356 

species of interest to capture fisheries 
347 

statistical information 346, 347, 350, 
363, 370, 372, 378-80, 393 
fishing gears 
brushwood 370 
nets 516 
traps 372, 510 

fishmeal 224-6, 227, 228, 230, 231, 526 
flagella 19 
flavour 401-4 
feed, effect on 401 
free amino acids, role of 401 
freshness 402, 416 
non-protein nitrogen 401 
salinity, effect on 401 
see also processing and storage; sensory 
evaluation 

folate 93 

food web 157, 158 
formalin 250, 251, 266, 269 
Fortuna 396 
fouling see epibionts 
France 422 

free amino acids (FAA), effect on flavour 
401 

freezing see processing and storage 
French Guiana 3, 378-9 
marketing 439-40 
French Overseas Departements and 
Territories see Guadeloupe, 
Martinique and others 
French Polynesia 395 
freshwater 18, 20, 31, 32, 43,48, 58, 60, 

64-6, 131, 156, 163-5, 168, 239, 
242, 244, 246, 248, 346-96, 475, 
477, 478, 489, 490, 504, 510, 
511,516 

Fujimura, Takuji 1, 2, 4 
fungal infections 267-8, 267 
furazolidone 251, 266, 267 
Fusarium 265 

F. solani 267 

Gambusia 198 

G. affinis 165 
Gammarus 392 


ganglia 24, 25 
gastric mill 23 
gastroliths 29 
gastropods 117, 218 

see also individual snail types 
genetically distinguishable hatching 
groups see hatching 
genetics 278-306 

control of size variation 289 
degradation 2, 351, 357, 358, 386, 482 
see also inbreeding 
development 280, 282, 283 
genetic variation 282-4 
hybridisation 

interspecific 281-2 
intraspecific 44-5, 280, 281 
markers of 282 
interbreeding 281-2 
manipulation 290, 291, 304 
population 278, 279-85 
genital pores see gonopores 
geothermal waters, culture in 242, 394 
Germany 392 
Ghana 391 

ghers 127, 129-30, 137, 139, 140, 155, 
162, 169, 173,206,210,211, 
348, 467 

giant (Asian) tiger shrimp see Penaeus 
monodon 

‘Giant Prawn 1980’ conference 4 
Giant river prawn see Macrobrachium 
rosenbergii 

gill/gill chamber 22, 260 
see also respiration 
gilthead seabream see Sparus aurata 
global status of freshwater prawn culture 
see status 

glutamate-oxaloacetate-transaminase 
locus 320 

glutamic acid 93, 401 

glycine 93, 101, 227-8, 401-2, 480 

glycogen 29, 407 

golda chingri 347 

gonad-inhibiting hormone 27 

gonad-stimulating hormone 27 

gonadosomatic index (GSI) 44, 317 

gonopores 24, 317 

grading see size, grading 

grass carp see Ctenopharyngodon idella 

gravid females see females 

Greece 392 

green gland see antennal gland 
green sunfish see Lepomis cyanellus 
Grenada 385 

grow-out 127-52, 478-80, 481, 493-6 
culture system intensity 154-6, 478 
extensive 154-5 
intensive 155-6 
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grow-out ( Cont .) 

semi-intensive 155, 160 
batch system 159, 160 
combination system 159-60 
continuous system 159 
economics see economics 
ecosystem see ponds 
environmentally controlled 252-3 
feeding see feeding 
feeds see feeds 

in geothermal waters 242, 394 
in ghers 127, 129-30, 137, 139, 140, 
155, 162, 169, 173, 206,210, 
211,348, 467 

integrated culture with crop 

production 155, 162, 173, 206, 
208-11, 209, 210, 354, 371, 374, 
376, 466-7, 468,478,511 
M. acanthurus 514-15 
M. carcinus 513, 513 
M. malcolmsonii 507 
M. vollenhovenii 511 
management/operation of ponds 
160-61 
monoculture 

in cages and pens 155, 156 
in ponds 154-73 
nutrition see nutrition 
operation 160-67 
polyculture 191, 195-211 
with finfish 196-7 
with other Crustacea 197 
productivity 169-71, 170 
salinity see salinity 
site selection 128-34 
see also ponds 

stocking rates see stocking/stocking 
rates/stocking density 
in temperate zones 182 
transport to 121-2 
growth 28-31 

compensatory 112, 316, 324 
curve 169, 169 

enhancement of OC males see leapfrog 
growth pattern 

grow-out 167-9, 169, 493-5, 494, 

495 

larval 76, 490-91 
patterns of 30-31 
promoters 228 
quantification of 331-2 
rate 323-4, 323, 326-8, 333, 334 
somatic 51, 167, 182, 318, 487 
suppression of runts 330-32 
variation in 327-31 
Guadeloupe 382 
Guam 395 
Guatemala 3, 380 


farmed production, freshwater 
crustaceans 6 

habitat 18, 487 
HACCP 262, 403,405 
haemilamella 22 
haemocyanin 23 
haemocytes 257, 258, 259, 260 
haemolymph 22, 32, 257 
Hairy river prawn see Macrobrachium 
rude 

Haiti 385 
handling 

flavour, effect on 402-4 
post-harvest 400-416 
postlarvae 79-80, 79 
hapas 108, 113,162, 360, 374, 477,481 
Haplochromis burtoni 331 
hardness see water, hardness 
harvest weight 182, 183-4, 189, 190, 199, 
202, 203, 204, 462 
harvesting 

drain 166-7, Plate 6g 
efficiency 333 

grow-out animals 166-7, Plates 5d,6a 
batch 180, 202, 333, 366, 379, 384, 
394, 395, 465, 468, 469 
selective 333-4, Plates 4b,4c 
in temperate zones 185, Plate 6 
juveniles 119-20 
postlarvae 78-9 
seine 166 

hatchery 48-50, 49, 55-81, 347-50, 

352-3, 355, 357, 358, 362-5, 
367-9, 371-87, 389, 391-5, 477, 
489-92 

backyard 57, 80, 452-3 
commercial large scale 56-7 
daily operations 75-6, 75 
economics see economics 
flow-through 55-6, 58 
hygiene 67, 76 
maintenance 64 
management 67-76 
physical plant 57-9, 58 
recirculating 

backyard recirculating 80 
dynamic closed system 56-7, 56 
static closed system 56-7 
salinity requirements see salinity 
in temperate zones 181-2 
water distribution and drainage 59 
water quality for see water, quality 
water storage and preparation 67 
hatching 27 

groups, genetically distinguishable 
325 

time 325 


Hawaii 3, 68, 388-9 
Anuenue Fisheries Research Center 1 
marketing 422-3 

Hazard Analysis and Critical Control 

Point (HACCP) 262, 403, 405 

health 

defence mechanisms 257-60, 258 
diagnosis of diseases 260-61 
diagnostic tools 261 
hygiene 

hatchery 67, 76 
personal 76 

management 76, 256-71, 480 
prophylaxis 261-2 
quarantine 262 
sanitation 76, 261-2, 403, 404 
therapeutics/therapeutants 251-2, 
262-3 

heart 22 

heavy metals 47, 64, 65, 66, 111, 245, 

403 

see also under individual chemical names 
hepatopancreas 23, 219 
herbicides 163, 252 
heritability 289 

heterogenous individual growth (HIG) 
118, 120, 121,331,334, 335, 
462, 469, 493 
heteromorphosis 31 
high polarity immunoreactive products 
30 

high technology production 187-92 
combined technologies 189-91, 190 
economics 191-2 
feeds and feeding 189 
pond preparation and stocking 187 
size grading 187 
substrate 187-9, 188 
highly unsaturated fatty acids HUFA see 
nutrition 
histidine 221 

history of freshwater prawn farming 1-9 
Holmenkollen Guidelines for Sustainable 
Aquaculture 524 
Homarus 20 

H. americanus 330 
Honduras 3, 381 
hormones 

androgenic 172, 291-2, 293, 298-9 
assay 299, 300-301 
cloning 302 

commercial production 302-3 
downregulating 303-4 
recombinant 302 

crustacean hyperglycaemic hormone 
(CHH) 28 
ecdysone 34 
20-hydroxyecdysone 30 
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hyperglycaemic hormone (HGH) 28, 
30 

juvenile 28, 30 
pheromones 197 
see also physiology 
hotels see marketing 
HUFA see nutrition 
humoral 197, 257, 259 
hybridisation, intraspecific see genetics 
Hydrilla 508 

hydrogen peroxide 50, 163, 249 
hydrogen sulphide (H 2 S) 65, 251 
hydroxyproline 407 
hygiene see health 

hyperglycaemic hormone (HGH) see 
hormones 

hypochlorite see calcium hypochlorite; 
disinfection; sodium 
hypochlorite 

Hypophthalmichthys molitrix 196, 200, 
207, 348, 465, 466, 478, 

508 

stocking density 205 
hypoxanthine 408 

Iceland 391-2 

Ictalurus punctatus 197, 198, 465 
idiopathic muscle necrosis (IMN) 269 
immunoglobulins 257 
inbreeding 285-7 
income see economics 
incubation 48-50, 49 
India 1, 5, 63, 65, 352-8, Plate 5 
combined culture 160 
farmed production 

M. malcolmsonii 502, 503, 504-9, 
506, 508 

M. rosenbergii 5, 6, 7, 7, 355, 356, 
356, 357, 358, 359 
harvesting 167 
marketing 425 
monoculture 155 
nursery rearing 162 
rice-prawn farming 210, 354, 371, 376, 
511 

transport conditions 161 
Indian carp rohu see Labeo rohita 
Indonesia 358-9 

egg-custard feed composition 99 
farm-made feeds 230 
farmed production, M. rosenbergii 5, 7 
inosine 408 

inosine monophosphate (IMP) 403, 

408 

insecticides 113, 251 
insects 165 

control of 113, 165 
integrated culture see grow-out 


interactions 

between male morphotypes 318-19 
fish and prawn 196-7 
intermoult 28-9, 42, 43, 318, 409, 488 
introductions 2, 3, 7, 172, 262, 351-2, 

385, 386, 393, 527 
see also environmental protection 
investment see economics 
Iran 3, 7, 372 
iron (Fe) 65 
ischium 19 
isoleucine 221 
isosmotic point 32 
Israel 3, 231,372 
Italy 3, 392 

Jamaica 3, 382-3 

Japan 3, 6, 372-3 

Java carp see Puntius javanicus 

Jordan 373 

jumpers 323, 324 

juveniles 323 

hatchery reared see hatchery 
nursed see nursery 
organically raised Plate 5c 
stocking rates see stocking/stocking 
rates/stocking density 
tolerance to chemicals 251 
wild caught 162 
see also feeds; nutrition 

Kenya 391 

Kole lands 210, 354, 468 
Kuncho river prawn see Macrobrachium 
lamarrei lamarrei 
Kuruma see Penaeus japonicus 
Kuttanad fields 210, 354 

Labeo rohita 196, 202, 204, 207, 508 
labour requirements 129, 449 
labyrinth 23 
lactic acid 407 
Lactobacillus 96 
L. acidophilus 228 
L. sporogenes 228 

Lactococcus garvieae 260, 266, 363, 364 
Lagenidium 267, 267 
Lagenophrys 268 
laggards 323, 324 
Lamellidens 506 
L. marginalis 528 
land preparation see ponds, land 
preparation 
larvae Plates I, 6c 

clearwater systems 55-7, 63, 77-8, 96, 
101, 112, 353, 358, 360, 362, 
364, 365, 370, 373, 376, 378-87, 
389, 390, 392, 393, 394 


collection 48-50 
condition index 70, 71 
development 32-4, 33, 477, 506 
enumeration 50, 68 
fatty acid composition 99-100 
feeding see feeding 
feeds see feeds; nutrition 
greenwater systems 55, 77, 112, 348, 

360, 364, 370-71, 373, 384, 386, 
388 

hatching systems see hatchery 
nutrition see nutrition 
packing and transport see postlarvae 
quality, see also larvae, condition index; 

larvae, tolerance to stress 
salinity requirements see salinity 
size 33 

stages/staging/stage index (LSI) 32-4, 
69, Plate 1 

stocking see stocking/stocking 
rates/stocking density 
tank colour 60-61 

temperature requirements see water, 
temperature 

tolerance to chemicals 251 
tolerance to stress 75 
water quality requirements see water, 
quality 

see also specific pathogen resistant 
stocks 

lead 65 

Leander squilla 14 
leapfrog growth pattern 167 

growth enhancement of OC males 
328-30, 329, 330 
significance of 331 
lecithin 222-3 
lectins 259 

legal regulations and responsibilities 129, 
262-3, 432 

length frequency distribution 321 
length/weight relationships 25, 167 
lentic environment 156 
Lepomis cyanellus 388 
leucine 221 

leucine aminopeptidase 219, 406 
Leucothrix 266, 369 
levamisole 228 
life cycle 18, 19, 487 
light 

intensity 181 
quality 63 

requirements 63-4, 111 
see also ultraviolet light 
lime 161, 267 
requirements 244 
liming 206, 242-4, 244, 248 
Ling, Shao-Wen 1, 2, 4 
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linoleic acid (18:2 n-6) 51, 219 
linolenic acid (18:3 n-3) 95, 219 
lipase 219 
lipid 

in Artemia 92 
enrichment 94, 95 
oxidation 415-16 
requirement see nutrition 
Litopenaeus 

L. stylirostris 290, 395 

L. vannamei 219, 226, 290, 293, 350, 

352, 365, 366, 374, 378, 401 
live feeds see Artemia; Brachionus 
plicatilis; Moina micrura 
live sales see marketing 
Liza parsia 208 

loop mediated isothermal amplification 
261 

lotic environment 156 
low input production 185-7 
economics 186-7, 186 
fertilisation 186, 186 
pond preparation/stocking 185-6 
luminescent bacteria see bacteria 
Lyngbya 268 

lysine 93, 96, 220, 221, 229, 495 

Macrobrachium 12-13 

M. acanthurus 12, 27, 31, 266, 377, 386, 

503 , 513-15, 514 
grow-out 514-15 
larval development 506 
seed production 514 
M. amazonicum 12, 77, 375, 377, 

485- 97, 486 
biology 486-9 
broodstock 489 
grow-out 493-6 
habitat and life cycle 487 
hatchery 489-92 
larval development 506 
morphology 487-8 
nursery 492-3 
physiology 488-9 

taxonomy and population structure 

486- 7, 486 

M. americanum 12, 380, 503 , 515 
M. asperulum 281 
M. australiense 268, 285, 503 , 517 
M. birmanicum 503 , 515 
M. borelli 31 

M carcinus 12, 31, 281, 377, 380, 383, 
384, 386, 429, 503, 511-13, 512 
grow-out 513, 513 
larval development 506 
M. choprai 503 
M. dayanum 503 
M. dux 503 


M. equidens 33, 375, 503 , 515 
M. felicinum 503 , 510 
M. formosense 12, 281 
M. gangeticum 503 , 516 
larval development 506 
M hainanense 281, 352 
M. heterochirus 386, 515, 515 
M. idae 503 
M idella 375, 503 
M. japonicus 403 
M. jelskii 503 
M. kistensis 503 
M. lamarrei 12, 268, 503 
M. lamarrei lamarrei 515 
M. lanceifrons 12, 375 
M lanchesteri 6, 12, 350, 369, 503 , 515, 
516 

M.lar 395, 503,515,516 
M. macrobrachion 503, 510, 515 
M. malcolmsonii 12, 47, 204, 268, 281, 
352, 355, 373, 503, 504-9, 504 
farmed production 6 
grow-out 507 
larval development 506 
monoculture 507-8, 508 
polyculture 508-9 
seed production 505-7, 506 
M. mammillodactylus 375 
M. mirabile 14, 503 

M. nipponense 5, 80, 156, 224, 268, 281, 
285, 350, 475-83, 476 
farmed production 6 
farming in China 476-80, 476 
farming in Vietnam 480-41 
larval development 506 
M. nobilii 50, 268, 503 
M. novaehollandiae 25 
M. ohione 12, 268 
M olfersii 20, 22, 386, 503 , 515 
M. palaemonoides 14 
M. petersi 31 
M. rosenbergii 1, 12, 13 
biology 18-34 
farmed production 5 , 7 
genetic diversity 285, 286 
geographic distribution 282-4, 283 
history of farming 13-14 
identity of 15-16 
initial introductions 3 
larval development 506 
see also various biological processes 
M. rosenbergii dacqueti 15, 16 
M. rosenbergii rosenbergii 15 
M. rosenbergii schenkeli 15, 16 
M. rude 503 , 515 
M. shokitae 281 
M. tenellum 515 
M. villosimanus 503 , 515 


M. vollenhovenii 12, 391, 503 , 509-11, 
510 

Madhuca indica 353, 507 
magnesium carbonate 242 
magnesium (Mg) 65 
magnesium oxide 242 
Mahi mahi 428 
mahua oil cake 353, 507 
malachite green 250 , 251 
malathion 250 , 251 
Malawi 391 
Malaysia 360-62 

farmed production, M. rosenbergii 5, 7 
Marine Fisheries Research Institute 1 
male morphotypes 316-21, 317, 322-4, 
323, 486-7, 486, Plate 2a 
blue claw (BC) males 25, 26, 42, 204, 
290, 316, 319, 331, Plates 3, 5e, 
6d 

bulls 321 

cinnamon claw (CC) males 486-7 
green claw (GC) males 486-7 
orange claw (OC) males 25,42, 182, 
204, 295,317,318,319, 320, 
328-30, 331 , Plates 3, 6b 
runts 182,316, 321 
small males 25, 316, 331-2, Plate 3 
strong orange claw males (SOC) 42, 
316-17,318 

transforming orange claw males (TOC) 
317,318 

translucent claw (TC) males 486-7 
weak orange claw males (WOC) 
316-17,318 

see also heterogenous individual 
growth (HIG); monosex 
culture; sex reversal 
Malva parviflora 219 
management 

best practice (BMP) 253, 403 
grow-out see grow-out 
hatchery see hatchery 
nursery see nursery 
in polyculture systems see grow-out 
in temperate zones see temperate zone 
culture 

see also monitoring 
mandibles 19, 20 
manganese (Mn) 65 
manuals on freshwater prawn and fish 
farming 4, 128 

manures see fertilisers/fertilisation 
marine shrimp see Farfantepenaeus; 

Fenneropenaeus; Litopenaeus; 
Marsupenaeus; Metapenaeus; 
Penaeus 

mark-time moulting 33 
market prices see value 
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market research 420, 422, 423, 435 
marketable product, seasonal availability 
of 180 

marketing 192, 192 , 420-46, 449-50, 480, 
482 

case studies 421-6, 438-40 
domestic 420, 426, 428 
export 420, 422, 425, 426 
farm-gate 192, 427-9, Plate 6a 
festivals 431-4, 433 
fresh on ice 429-30, 429 
frozen 430-31 
general advice 436 
head-off 421, 424, 426, 429, Plate 5g 
head-on whole 404, 405 , 420, 421, 424, 
425, 429, Plate 5f 
live 416, 427 

organic/natural product markets 437 
plans 437-8 
strategy 434-5 

to restaurants and hotels 435-6 
to retail outlets 192, 192, 431, 435-6 
Marsupenaeus 

M. japonicus 101, 220, 264, 373 
Martinique 3 , 383-4, 383 
mating 25-6 

pre-mating moult 1, 25, 26, 319 
sneak 317, 320, 331 
mating behaviour 26, 319-21 
maturation 26-8, 31, 44, 488 
Mauritius 3, 389-90 
maxillae 
first 19, 20 
second 19, 20 
maxillipeds 19 
maxillulae see maxillae, first 
meat and bone meal (MBM) 226 
mechanoreceptors 20 
melanin 259, 265, 265 
Melicertus latisculcatus 21 
mercury (Hg) 251 
Merthiolate 267, 269 
merus 19, 20 

metabolism 27, 28, 90, 222, 223, 240 
see also protein metabolism 
metamorphosis 18, 72, 76-7, 96-7, 97, 
98-101, 220, 323-5, 323, 373, 
490-92 

larvae to postlarvae 220 
of male morphotypes 316-17 
moult mortality syndrome see exuvia 
entrapment disease 
metanauplii 91 
Metapenaeus 1 
M. dobsonii 99 

methionine 92, 93 , 94, 96, 220, 221 , 229 
methyl farnesoate (MF) 28, 30 
methyl-parathion 251 


Metschnikowia bicuspidata 267, 363 
Mexico 3, 6, 385-6 
micro-encapsulated diets (MED) see 
feeds, hatchery, inert 

microbial 

contamination 409 
count 408 
Micrococcus 408 
Micronesia 396 

mid-cycle disease (MCD) 269-70 
milkfish see Chanos chanos 
mineral 

fertilisation 244-5 
requirement see nutrition 
Mirex251 
MMV 263 

Moina micrura 86, 98 
ingestion rate 102 

mola carplet see Amblypharyngodon mola 

Monitar 251 

monitoring 

in grow-out ponds 163-4 
in hatcheries 67, 72, 75 
monk see ponds, outlets 
Monkey river prawn see Macrobrachium 
lar 

monoclonal antibodies 261 
monoculture 154-73 

environmental protection 172-3 
growth and survival 167-9 
M. malcolmsonii 507-8, 508 
operation 160-67 

production models and productivity 
169-71 

rearing systems 154-60 
monosex culture 171-2, 171 , 278, 
290-306, 337-8 
see also sex reversal 

monounsaturated fatty acids see nutrition 
Monsoon river prawn see Macrobrachium 
malcolmsonii 

morphology 18-25, 487-8 
external 18-21 
internal 21-5 
mortality see survival 
mosquito fish see Gambusia 
Mossambica tilapia see Oreochromis 
mossambicus 

moult 

death syndrome (MDS) see exuvia 
entrapment disease 
inhibiting hormone (MIH) 27, 30, 34 
mark-time moulting 33 
pre-mating see mating behaviour 
stress 122 
see also ecdysis 
moult cycle 28-31 
in zoea 34 


moult death syndrome (MDS) see exuvia 
entrapment disease 
moult hormone 27 
Mozambique 391 
mrigal see Cirrhinus mrigala 
MrNV 42, 261, 264, 353 
mullet see Liza parsia 
multiplex RT-PCR 261 
mushiness see texture 
Myanmar 362-3 

myofibrillar protein degradation see 
texture 

Mysidopsis bahia 92 
Mystus planiceps 166 

n-3 fatty acids see nutrition 
n-6 fatty acids see nutrition 
Namibia 39 

nauplii 55, 58-60, 64, 73-5, 77, 80, 86, 

88-93, 93 , 95 , 96-9, 101-3, 219, 
348, 353, 360, 362, 364, 370-71, 
373, 376, 381, 386, 387, 392, 
506,512,514 

necrosis 69, 71 , 119, 256, 260, 263, 265, 
266, 267, 269 
nekton 157 

nematodes 73, 218, 303, 333 

neofemales 44, 291, 292, 326 

neomales 44, 291-2, 293, 295, 296 

Nepal 3, 373, 375 

nephridial canal 23 

nervous system 24-5, 24 

nets 

for fishing see fishing gears 
seine see seine nets/seining 
neuston 157 
New Caledonia 395 
New Zealand 3 , 394-5, 394 
niacin 93 
Nicaragua 381 
nifurpirinol 266 
Nigeria 391 

Nile tilapia see Oreochromis niloticus 
Nitosomonas 61 

nitrate (N0 3 ) 47, 61, 62, 65, 66, 72, 73, 

73, 111, 241, 242, 243 , 246, 248, 
249, 490, 497 

nitrifying bacteria see bacteria 
nitrite (N0 2 ) 47, 56, 61, 62, 65 , 72-3, 75, 
111 , 131, 239, 240-42, 240 , 246, 
260, 392, 490, 496, 497 
tolerance to 73 
Nitrobacter 61 
Nitrococcus 61 
nitrofurazone 251 
nitrogen excretion 24 
Nitrosococcus 61 
Nitrospora 61 
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nodavirus 42, 261, 264, 353 
nomenclature 13-14 
non-protein nitrogen see flavour 
North America 385-9 
Notonecta 113 

nucleotides 264, 282, 303, 401, 402, 403, 
408 

nursery 55, 108-22, 138, 144 , 160-62, 

171, 180-83, 187, 209, 220, 226, 
231, 241, 251, 264-5, 332, 334, 
335, 348, 353-5, 358, 360, 362, 
364, 365, 367, 370, 371, 373, 
375-7, 379-82, 384, 386-7, 389, 
392-4, 454, 477-8, 492-3 
in cages 109-10 
culture systems 110 - 11 , 110 
facilities 110 - 11 , 110 
indoor (primary) 108-9, 109 
management 108-22 
multi-phase multi-stage 110 
outdoor (secondary) 109, 109 
production 458-9 
in temperate zones 181-2 
water quality 111-13 
nutrition 218-32 
adult 224 
amino acids 

enrichment 94, 96 

essential (EAA) 92, 96, 219, 220, 221, 
224,232 
profile 92, 93 

see also names of individual amino 
acids 
binders 225 
broodstock 224 
carbohydrates 223 
cholesterol 221-3 
energy 219-20, 221-3, 224 
enzymes 92 
fatty acids 

essential (EFA) 59, 92, 94, 96, 221, 
222 

HUFA 51, 93, 95, 96, 100, 222, 224 
n-3 series 51, 75, 92, 95, 100, 219 
n -6 series 95, 219 
PUFA 222 

see also individual fatty acids 
fibre 223 
grow-out 224-31 
juvenile 220-24 
larval 86-106, 219-20 
lipid requirement 221-3 
mineral requirements 92, 223-4 
see also nutrition, relationship with 
water hardness 
phospholipids 221-3 
protein requirements 220 - 21 , 221 
protein/energy (P:E) ratio 221 


relationship with water hardness 224 
sterols 222 
synthesis 222 
triglyceride 221-3 

vitamin requirements 92-3, 93, 223-4 
see also individual vitamins 
see also feed conversion ratio (FCR); 
feeds; feeding 

nutritional physiology see digestive 
physiology 

nutritional requirements see nutrition 

OC males see male morphotypes 
Oceania 393-6 
odour 408 

of deterioration 409 
Oedogonium 268 
oesophagus 23 
oleic acid 18:1 222 
oligochaetes 117, 218, 333 
Oncorhynchus mykiss 181 
ontogeny 323-5, 323 
oocytes 28, 44, 488 
oogenesis 28 
Opercularia 268 
Ophiocephalus 
O. micropeltes 166 
O. striatus 166 
opportunities 8 

orange claw males see male morphotypes 
orbit see eyes 

Orchestia gammarella 291, 326 
Oreochromis 200, 252, 389 
O. aureus 200, 205, 465 
O. hornorum 198, 200, 205 
O. mossambicus 196, 200, 386, 402 
O. niloticus 117, 191, 348, 380, 386, 
390,465 

polyculture 181, 191, 195, 196, 198, 
200, 203, 208 
stocking density 205 
organ of Bellonci 25 
organic 

farming Plate 5 

fertilisers see fertilisers/fertilisation, 
organic manures 
iodine 250 
markets 437 

matter, in soils see soil, organic matter 
silver 250 

organoleptic 403, 408, 416 
Oriental river prawn see Macrobrachium 
nipponense 

osmo-ionic regulation (osmoregulation) 
31-2 

ovalbumin 101 
ovarian stages 27-8 
ovaries 24 


overwintering 40 
oviducts 24, 24, 296 
ovigerous see females 
oxidants see soil 
oxidation-reduction see soil 
oxolinic acid 265 
oxygen see dissolved oxygen 
oxytetracycline 267 
ozone 261 

Pacific blue shrimp see Litopenaeus 
stylirostris 

packing see postlarvae, packing and 
transport 

pacu see Colossoma mitrei 
Painted river prawn see Macrobrachium 
carcinus 
Pakistan 373, 375 
Palaemon 

P. adspersus 14 
P. carcinus 15 
P. rosenbergii 13, 14, 15 
Palaemonetes 33 
palatability see feeds 
Palau 396 
palp 20 
Panama 3, 381 
Pandalus 414 
pantothenic acid 93 
Panulirus cygnus 26 
papaya see Carica papaya 
Papua New Guinea 396 
Paragonimus westermani 268 
Paraguay 3, 379 
parasites 268 
Pasteurella 76 

PCR see polymerase chain reaction 
peduncle 15, 19, 20 
pelecypods 218 
pen culture 155 
penaeids 21 , 21 

see also marine shrimp 
Penaeus 1 

P. chinensis 290 
P. duorarum 21 
P. japonicus 290 
P. latisulcatus 21 

P. monodon 202, 208, 210, 220, 260, 
264, 290, 348, 353, 365, 421 
People’s Republic of China see China 
pepsin 219 
Perea flavescens 181 
pereopods 19 
periphyton 202-3 
peritrichous ciliates 268 
peroxide see hydrogen peroxide 
Persea americana 208 
Peru 379 
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pesticides 64, 66, 111, 113,210,211,252, 
269, 353, 383, 384, 403, 404, 
477, 478 

pH 24, 43, 47, 65 , 89, 90, 191, 196, 198, 
209, 242 , 243 , 496 , 497 , 506 
grow-out 133, 134, 157, 162-3, 168, 
239, 241-4, 243 , 244 , 247, 248, 
250, 252, 260, 266, 353, 366, 
407, 479, 481 

hatchery 55, 62, 64, 65, 68, 72-3, 

490 

nursery 112-13,492 
Phaeodactylum tricornutum 103 
phagocytosis 257, 259 
phagostimulant 227 
phenylalanine 221 
Philippines 3 , 66 , 373-4, 375 
phosphatidylcholine (PC) 222 
phospholipids see nutrition 
phosphorus (P) 66, 224, 241, 241 , 243 , 
244, 245, 246, 248, 250, 251, 
253,527 

photoperiod 46-7, 63-4 
physiology, see also digestive physiology 
phytoplankton 55, 157, 207, 220 
bloom 55, 250 
control of 252-3 
phytosterol 222 
Pila globosa 348, 508, 528 
piscicides 250, 250, 509 
Pistia stratiotis 496 
PL see postlarvae 
plankton 127 
plankton-feeding fish 252 
plans 

business see business planning and 
management 
marketing see marketing 
plasma 257 
pleopods 20 
pleura 21, 25 
Podophrya 268 
pollutants 172-3 
see also heavy metals 
pollution 172-3 

polyculture 181, 191, 195-211, 218, 230, 
252, 321, 328, 333, 348, 350-51, 
354, 362-3, 366, 383-4, 386-7, 
389-90, 392, 464-8, 478, 505, 
507-11,514, 526 
feed 199 

fish and prawn interactions 196-7 
integration with crop production 155, 
163, 167, 173, 206, 208-11, 209, 
209, 210, 354, 371, 373, 375-8, 
380-81, 466-7, 468, 478, 511 
M. malcolmsonii 508-9 
profitability 206-8 


rotation 205-6 
stocking 200-205, 205 
water quality 198-9 
polymerase chain reaction (PCR) 

261 

multiplex 261 

reverse transcriptase (RT-PCR) 

261 

polysaccharides see nutrition 
polyunsaturated fatty acids PUFA see 
nutrition 

ponds 

bottom management 247-50 

see also soil, sediment management 
construction 139-52, 145 
dimensions 139-41, 140 
discharge channels 147-51, 148-52 
diversion/derivation 127 
ecosystem 156-9, 157-9 
embankment 127 
environmental issues 253 
grow-out 128-34 
infrastructure 138 
inlets 146, 146 
interception 127 

land preparation 141-3, 142, 143 , 249, 
478 

landscaping 152 
layout 137-8 

management, production and 
operation see grow-out 
nursery 144 
outlets 147-51, 148-52 
sediments see soil 
site development 134-9 
site selection 128-34 
site topography 129-30 
water supply see water, supplies 
see also farm design; soil 
population density 168-9 

effective population size 288, 288 
population structure 486-7 
Porcellio 

P. dilataus 300 
P. scaber 300 
postlarvae (PL) 
cost of see value 
harvesting 78-9 

packing and transport 79-80, 79 
quality 77 

stocking rates see stocking 
postmoult 26, 29, 30, 318, 409, 488 
potassium cyanide 250 
potassium (K) 32, 65 
potassium permanganate 250 , 251 
potassium ricinoleate 252 
power supplies 151 

ppA (pro PO-activating enzyme) 258, 259 


predation 108, 113, 165, 166, 169, 172, 
196, 209,218, 224, 225, 360, 
369, 371, 379-80, 385, 386, 388, 
480, 510, 527 

predator control/elimination 113, 164-6, 
165, 166, 250-51,251 
premoult 29 

preparing for consumption 440-46 
see also recipes 
prices see value 
probiotics 228 
Probopyrus 268 

Procambarus clarkii 181, 196, 205, 465 
processing and storage Plate 5fig 
blanching 409 
canning 414 
cooling 410 

deheading, effect of 409 
flavour, effect on 402-4 
freeze drying 415, 416 
freezing 410-16, 411-13, 415 
blast 409 
cryogenic 411 
effect of 414-16 
fast air circulation 411 
immersion 409-10, 411 
individual quick (IQF) 413 
industrial scale 414 
liquid nitrogen 409 
plate/contact 411 
fresh chilled on ice 406 
post mortem changes 407-9 
practical processing on-farm 416 
shelf life 408-9 
spoilage 408 
thermal shock 409-10 
see also cooking; recipes 
production 5, 493-5, 494, 495 
global see status 
hatchery efficiency 77-8, 78 , 97 
models 169-71, 170 
national see status 
productivity 400-401, 401 , 490-91 
grow-out see grow-out, productivity 
hatchery 66, 78, 79, 80 
unit see biomass curve 
profitability see economics 
proline 93 , 101,401,480 
prophenoloxidase (proPro) system 259 
propodus19 
protein metabolism 24 
protein requirement of feeds see feeds; 
nutrition 

protein/energy ratio (P:E ratio) see 
nutrition 
protozoa 42, 268 
proventriculus 23 
Pseudomonas 76, 265, 266, 408 
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Puerto Rico 3, 384-5 
marketing 423 

multi-stage nursery systems 110 
PUFA see nutrition 
Puntius javanicus 208 
putrescine 228 
pyridoxine 223 

quality 

larval see larvae 
postlarval see postlarvae 
quarantine 262 
quicklime 161 
quinones 259 

r-strategists 163 

rainbow trout see Oncorhynchus mykiss 
recipes 441-6 
microwave 446 
traditional 441-6, Plate 8 
red claw crayfish see Cherax 
quadricarinatus 

red swamp crawfish see Procambarus 
clarkii 

regeneration see autotomy 
regurgitation 219 
reproduction 25-8 
physiology of 27-8 
sexual dimorphism 25, 291, 294 , 

Plate 2 

reproductive behaviour see mating 
behaviour 

reproductive system 24, 24, 295 
Republic of China see Taiwan 
respiration 72, 73, 113, 158, 159, 198, 240, 
246-7 

respiratory system 22-3, 22 
restaurants see marketing 
retail outlets see marketing 
Reunion 391 

reverse transcriptase polymerase chain 
reaction (RT-PCR) 261 
riboflavin 93 

rice/prawn aquaculture see grow-out, 
integrated culture with crop 
production 

Riceland prawn see Macrobrachium 
lanchesteri 

rickettsial disease 266-7 
rigor mortis see processing and storage 
RNA dependent polymerase (RdRp) 263 
rohu see Labeo rohita 
rostrum 12, 14, 15, 19 
rotational strategy see crop rotation 
rotenone 180, 250, 250 
Rough river prawn see Macrobrachium 
equidens 

runts see male morphotypes 


Ruppia maritima 80 
Russian Federation 6, 392 

Saccharomyces cerevisiae 96, 228 
Saccharum officinarum 228 
St Kitts 385 
St Lucia 385 
St Vincent 385 

salinity 18, 23, 30, 32, 260, 266, 269, 365, 
371,374, 390, 475, 477, 479, 
490, 506-7, 509,512,514 
broodstock 47, 50 
effect on flavour see flavour 
grow-out 111, 122, 130-31, 136, 163, 
207, 209 

hatchery 59-60, 62, 64-8, 72, 78, 90, 
96, 98 

salt 66 
Samoa 396 
saponin 251 
Saprolegnia 267 
Sardinella longiceps 220 
sardines see Sardinella longiceps 
Saudi Arabia 374 
scampi 421 
scaphocerite 19 
scaphognathite 20, 23 
screens, see also filters 
seawater 8, 55, 59, 63-5, 90-92, 94, 353, 
360, 363, 373, 388, 402, 409, 
504, 506, 507 

artificial 47, 48, 55, 58, 66-7, 67 
natural 58, 66 
Secchi disk visibility 245 
sediment management see soil, sediment 
management/ removal 
seine nets/seining 166, 185 
selective harvesting see harvesting, 

grow-out animals, selective 
Senegal 3, 391 
sensory cells 25 
sensory evaluation 403, 415 
serine 93, 401 

sex determination 171, 292, 296-8, 297, 
298 

molecular sexing 301, 301 
sex ratio 321-2 

sex reversal 278, 290-306, 337-8 
see also monosex culture 
sexual 

differentiation 325-7, 326 
dimorphism see reproduction 
hormones 291-2 

shelf life see processing and storage 

shelters see substrate 

Sherpa 251 

Sierra Leone 391 

silicon 65 


silver barb see Barbodes gonionotus 
silver carp see Hypophthalmichthys 
molitrix 

Simaroubaceae see Ailanthus altissima 

simazine 252 

Singapore 3, 374 

site selection see hatchery; ponds 

size 

distribution 280, 321, 321 
in fisheries 321 

grading 120-21, 120, 121, 183-4, 187, 
331-2, 334-8, 334-7, 

Plate 7a,b 

variation 118, 280, 316-38 
biological significance 331-2 
commercial significance 332-8 
development 323-5 
significance 331-2 
social control 328-31 
see also heterogenous individual 
growth (HIG) 

SM see male morphotypes, small males 
small males see male morphotypes, small 
males 
smell see odour 
snails see Pila globosa 
snakehead fish see Ophiocephalus 
snakeskin gourami see Trichogaster 
pectoralis 

SOC see male morphotypes 
social behaviour 156, 168, 316 
social control see size, variation 
sodium bicarbonate 72 
sodium carbonate 72 
sodium carbonate peroxhydrate 163 
sodium hypochlorite 250 
sodium (Na) 65 

sodium pentachlorophenate 250 
sodium tripolyphosphate (STPP) 415 
soft shells 113, 205, 332, 371 
soil 133-4, 134, 239-53 
drying 248 
evaluation 247-8 
nutrients 246 
organic matter 246-7 
oxidants 248-9 
oxidation-reduction 246-7 
respiration 246-7 
sediment management/removal 
247 

soil-water exchange 246 
see also ponds, site selection 
Solomon Islands 396 
somite 21 
South Africa 391 
South America 375-9 

see also individual countries 
soy lecithin see lecithin 
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soybean protein 226 
Sparus aurata 228 
spawning see females 
spawning system see females 
specific dynamic action (SDA) 223 
specific pathogen resistant (SPR) stocks 
270 

sperm 24, 26, 42, 44, 47, 48, 317, 318, 321, 
506-7 

spermatogenesis 317 
spermatophores 24, 26 
spermatozoa 26-7 
spines 19 
spinules 20 
Spirulina 117 

SPR stocks see specific pathogen resistant 
(SPR) stocks 
Sri Lanka 374, 375 
staffing see labour requirements 
staging of larvae see larvae 
Staphylococcus 
S. aureus 408 
S. xylosus 266 
statistics 

production from capture fisheries see 
fisheries, statistical information 
production through aquaculture see 
status 

statocyst 20 
status 

of commercial prawn farming 
nationally 346-96 

of global freshwater prawn culture 5-8, 
5 , 6 , 7, 7 , 8 

total volume and value 8 
stearic acid 18:0 
sterols see nutrition, sterols 
stocking/stocking rates/stocking density 
46, 490-91 

grow-out 479, 493-5, 494, 495 
in monoculture 161-2 
in polyculture 200-205, 205 
high technology production 187 
larvae 68-9 

low input production 185-6 
nursery 113-17, 114, 115-16 
in temperate zones 182, 185-6 
stomach 23 ,24 
stomach contents 196-7 
storage of prawns see processing and 
storage 

strong orange claw males see male 
morphotypes 

substrate 113, 117, 122, 155, 160-62, 
187-9, 188, 203, 332-3, 

337, 373, 376, 387, 388, 

392 

activated 62 


artificial, for nursery and grow-out 
ponds 109, 113-14, 117, 170, 
182, 184, 184, 187-8, 203, Plate 
7a,c,d 
materials 188 
supplementary 332-3 
sumithion 251 
Suriname 3, 379 
survival 

breakpoint 119 
broodstock 41-8 
grow-out 167-9, 169 
larval 55, 57, 60, 63, 65, 68, 77 
nursery 108-111, 112 , 113 , 115, 116, 
118-19 

in polyculture 197, 200, 202-6 
sustainability 524-8 

ancillary benefits of freshwater prawn 
farming 528 
areas of concern 527-8 
environmental and social benefits of 
freshwater prawn farming 
525-7 

FAO Code of Conduct for Responsible 
Fisheries 524, 528 
Holmenkollen Guidelines for 

Sustainable Aquaculture 524 
Sweden 392 

swimmerets see pleopods 

Tachaea spongillicola 268 
tail fan 20, 21 
Taiwan 1, 3, 63, 363-4 

farmed production, M. rosenbergii 5, 7, 
7 

marketing 426 
tanks 59-61, 59, 60 

broodstock see broodstock, culture 
systems 

cleaning see hatchery, management 
colour of see larvae 
grading 120-21, 121 
hatchery see hatchery 
nursery see nursery, culture systems 
sedimentation 63 
Tanzania 391 
taurine 101, 227 
taxonomy 14-16, 486-7 
Tectoma grandis sawdust 43 
teeth, ventral and dorsal 19 
telson 14, 15, 20,21 
temperate zone culture 180-93 
broodstock 181 
grow-out 182 

growth maximisation 183-4, 184 
harvesting 185 

hatchery/nursery phases 181-2 
high technology 187-92 


low input approach 185-7 
marketing 192 
opportunities 181, 181 
population structure 182-3, 183 
problems 180-81 

temperature see water, temperature 
testes 24, 317 
tetracycline 251 
texture 404-7 

enzymatic action 406 
mushiness 167, 404, 406 
myofibrillar protein degradation 406 
sheer force 415 

Thailand 1, 41, 65, 66, 68, 364-9, Plate 4 
egg-custard feed composition 99 
Expansion of Freshwater Prawn 
Farming project 2-4, 524, 

528 

farm-made feeds 230 , 231 
farmed production 5 , 7, 7 , 367, 368 , 
369 

feed specifications Til 
harvesting of postlarvae 78-9 
marketing 426 
monoculture 155 
therapeutics see health, 

therapeutics/therapeutants 
thiamine 93 
thorax 18-19 
threonine 221 
tilapia 206 

genetically improved farmed (GIFT) 
203 

see also Oreochromis 
tilling (ploughing) 249 

see also ponds, land preparation 
TOC see male morphotypes 
Tokophrya 268 

tolerance to chemicals see larvae 
topography see ponds 
Torulopsis 228 

total haemocyte count (THC) 260 
transforming orange claw males see male 
morphotypes 
transport 42-3 

broodstock see broodstock 
larvae/postlarvae see postlarvae, 
packing and transport 
market-sized animals live 416 
to grow-out ponds 121-2,161-2 
traps see fishing gears 
trays, feeding see feeding 
trichlorfon 113 
Trichogaster pectoralis 201 
trifluralin 267 
triglycerides 221-3 
trimethylamine 227, 402 
Trinidad 8c Tobago 385 
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trophic 75, 157, 158 
autotrophic 156, 231 
heterotrophic 60, 75, 156, 185, 199, 
231,295 

trophic level 157, 158 , 165, 514 
trypsin 259 

see also nutrition, enzymes 
tryptophan 221 

Uganda 391 
Ukraine 392 

ultraviolet light (UV) 61, 63 
United Kingdom (UK) 3, 4, 349, 354, 368 
United States of America (USA) 3, 387-9, 
Plates 6 , 7 

farmed production, M. rosenbergii 5, 7 
Hawaii see Hawaii 
high technology production 187-92 
low input production 185-7 
marketing 423-5, 423, 431-4 
nursery feeding 118 
urine 23, 32 
uropods 21 
Uruguay 3,379 

Vaginicola 268 
valine 221 
value 1, 6, 346-96 

of the industry see status 
of market-sized animals 
farm-gate 425, 480, 509, 511 
retail 186, 431 

wholesale 186, 187, 377, 425, 428, 
460, 461,463,469 

of postlarvae (PL) 349, 350-51, 354, 
355, 357, 358, 361,364, 369, 
369, 371, 375, 388-9, 395, 427 
Vanuatu 395 

variation, intraspecific 278, 279, 280-81 
vas deferens 24, 295, 317 
vegetable-prawn culture see grow-out, 
integrated culture with crop 
production 
Venezuela 379 
ventral nerve cord 24, 25 
Vibrio 76, 89, 265, 266, 365 
V. alginolyticus 266 
V. carchariae 266 
V. cholerae 266 
V. harveyi 266 
V. mimicus 266 
vibriosis 266 


Vietnam 41, 209-10, 370-71, 370 
farmed production 7 
M. rosenbergii 5, 7 
integrated culture see grow-out, 

integrated culture with crop 
production 

M. nipponense farming 480-81 
pen culture 155 
Villorita cyprinoides 354 
viruses see disease, viral; and individual 
virus names 
vitamins 51 

dietary requirements of prawns see 
nutrition 
enrichment 96 
leaching 223 
vitamin A 96 
vitamin B6 93 
vitamin B 12 93 
vitamin C 92, 93, 96, 224 
vitamin E 93, 96 
vitellogenin 28, 44 
Vorticella 42, 268, 364, 381 

waste treatment 151 
water 

chemical characteristics for hatcheries 
see water, quality 
effluent 495,497 
exchange 164, 253 

hatcheries see backyard hatcheries; 
hatchery, flow-through; 
hatchery, recirculating 
ponds see grow-out, 

management/operation of 
ponds 

fresh see freshwater 
hardness 65, 242 

relationship with dietary calcium see 
nutrition 

natural seawater 66 
quality 490 

for broodstock 64-5, 65 
control of 242-6 

for grow-out 65, 133, 198-9, 239-53, 
495-6, 496 
for larvae 69, 72-3 
for nurseries 112-13 
see also ammonia; dissolved oxygen; 
nitrite; nitrate; larvae, tolerance 
to chemicals; pH; etc. 
replacement see water, exchange 


salt see seawater 
sea see seawater 

stability of feeds see feeds, grow-out 
supplies 

development of 135-7, 137 
for grow-out 130-33, 131 ,132, 

144-7 

for hatcheries 59 
temperature 65, 240-41 
broodstock 46 
control of 168 
grow-out 130, 168 
hatchery 90 
larval 72 
nursery 111-12 

and population structure 182-3, 

183 

transparency 164, 242 
transportation 65 

treatment see hatchery, water storage 
and preparation 
see also dissolved oxygen; pH 
water hyacinth see Eichhornia crassipes 
weak orange claw males see male 
morphotypes 

weeds 163 

white muscle disease (WMD) 42, 256, 
263-4, 351 

white spot diseases (WSBV, WSSV) 264 
white tail disease see white muscle disease 
whiteleg shrimp see Litopenaeus vannamei 
whitish disease 256 
WOC see male morphotypes 
World Aquaculture Society 1 

x-organ sinus gland (XOSG) 27, 28 
XSV see extra small virus 

Y organ 30 

yeast infections see disease, fungal 
yellow head virus 265 
yellow perch see Perea flavescens 
yield 

of ponds see productivity 
of tail meat 293, 400 

Zimbabwe 391 
zinc (Zn) 65, 224, 251 
zoea 27, 31, 32 
moult cycle 34 
zooplankton 157 
Zoothamnium 42, 268, 365 



